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An Analyels of Firings of Rolled Homogeneous Armor
Submitted under Spacification ANOS-1

OBJECT
The examination of data resulting from the balilistic testing of
rolled homogeneous armor submitted unaer Specification ANOS-1 with e
view toward facilitating the procurement of high quality aircraft
armor through & more realistic approach to the specification of
ballistic requirements,

SUMMARY

The merits of current ballistic limit criteria are contrasted
with the merits of & lethal limit criterion.

The mechanisms by which penetration of armor is effected by a
projectile are reviewed and the effecta of hardness and plate obli-
quity (30°) noted.

It is suzzested that stipulation of asome of the bellistic
raquirements of Specification ANOS-1 hag been made without consideration
of certaln phenomena associated with the mechanisms of penetration.

It is suggested that a more realistic approach to the specification
of ballistic requirements for aireraft armor will be facilitated by the
recognition of the following contentions:

1. The criterion of plate quality should be based vpon the
resistance to lethal penetration as a more accurate messure of plate
efficleacy than either the Army or Navy limit criteria.

2. Tests at cbliquities to determine resistance to penastration
utilizing projectiles which breask up or shatter upon impact should be
discontinuod as ar inspection device.

3. Tests for resistance to penetration *herein the ratio of
plate-thicknees to projectile-diameter is less than 0.8 should be
discontinued since protection is not offered under these conditions
at combat ranges and the best performance under theee greatly over-
matching projectile conditions is not compatible with the optimum
resistancna to matching projectiles.
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4, Teats for resistance to penetration on A single plate at ,
any one obliquity with more than one type of projestile should de oy
discentinued. )

5. The proximity of the explosive charge to the plate in tests
to determine the resistance of armor to H.EB. shock should be rigidly
sontrelled,

6. The oriterion of failure under a projectile-through-plate Ty
test at obliquity should be the disclosure of inherent spalling RN
tendencies and not the dimension of the exit diameter,

7. The criterian of failure under a projectile-through-plate
ay test &t normal incidencs mey properly be the dimensies of the exit
-h'(g dlameter, dut assurance must be made that the "jacke$ effect® attendant )
at high velocities iz avoided, :

8. The use of an ovarmatching projectile in the projectile-
through-plate test should be advantagesus,
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INTRODUCTION

Considerable difficultg has been experienced by producers of
airocraf{ armor in meeting e ballistic requirements of Specificgtion

AROS-1, In earlier work {t has been suggested that some of these

requirements have been atipulated without consideration of certain <
phenomena associated with the mechanigms of pemetratien.2

The present report is an expansion of the earlier contention and
in presenting much mdre data affords a basis for a more realistic approach
to the specification of ballistic requirements for aircraft armor.

TEST PROCEDURE “ €

Inasmuch as the testing of armcr submitted under Specification
ANOS5-1 proceeds from day to day, it has been nscessary tc confina
arbditrarily the inolusion of data in this report to those avallable
at the time this etudy was initiated.

o It was decided to collate date on the resistance to lethal pene-
' ‘ tration of aircraft armor, Since 2t normal inoidence there was no s

determination of ®lsthal limit®* and inasmuch as there is substantial

agreement between Navy limit and ®lethal limis® in the machinadle range

of hardness, ths data at normal are derived from tests conducted under

the Navy criterfon. For this reason, the data coméerning armor of hard-

ness in excess of the machinable range may be deseptive in that they are

higher than the real "lethal limits” of armor of :giu hardness.

! At obliquities, the data on plates throughout the entire range of
hardness covered represent the lethal limits.

RESULTS

All the data available are set forth in TAbles I to X of Appendix 3.
Summarized according to graduated ranges of hardness, these data are
‘ tabulated in Tabdles II and III and ¢raphically represented in Figures L
3 to 8 and 10 to 13,

These figures show the dependence, at different levels of hardness,
of (F), the Thompson Coefficient,) and the ratio of plate-thicknwss to
projectile-caliber (e/d) corrected for weight increass neceesary to shisid
& unit area normal to the line of fire (e/d @ow @) and the relationship
ot those plots to tke requiremente of the npecification. . ®

Flgures 14 and 15 have been drawn on the basis of the curves in-
Clcatea by the data plotted in Figures 3 to 8 and 10 to 13 respectively.

Figuras 2 and 9 represent the values of *F" requirsd by 8Spec. ANOS-1,
*Ses page I - WBallistic Limit Orlterial. / 4/
1. Army-Navy Speg. for Homogeneous Armor for Aireraft. ANOS-1. 12 2, 14/42,
! 2. W.A, h7o.575hgg(r). h/w?h_s. See Appendix A. o
3.  The Thompson Coefficient (F), a measure of the penetration efficiency .
of arwor, ie determined from the followimg:

”a » V2 coe? 6

e d
where m equals the welght of the projectile (core) in pounds, Y is °
the limit velocity in faet ger second, @ is the angle of odliquity,
e is ths thickness of the plate in feetT and d is the diemeter of
the projectile (core) in feest,
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DI SCUSSION

I. Ballistic Limit Criteria

Fundamental to any discussion of ballistic performance is a
consideration of the criterion by which plate failure is to be
Judged. :

The criterion of failure which has heen traditional to the
testing of armor undsr the auspices of the Army ie such a psmnetra-
tion of the plate by the projectile as will cause an opening on the L
rear of the plate sufficient to allow the passage of & beam of light.

The Favy, on the other hand, has traditionally required that the
projectile completely perforate the plate and, in addition, remain
intact,D if the plate ie to be Jjudged a failure.

For some time there has been considered at this Arsenal & third
criterion which has been called the Lethal Liwmit., In essence, a
plate fails by this criterion when the impact ¢f the projectile
causes any fragment of the plate or of the projectile to fly from
the rear of the plate with potential lethality.

Proponents of the Army criterion and of the Navy eriterion have
long argued the merits of their respactive preferences, There 1s
something to be seld in favor of each of these criteria.

The Army limit is without peer as to ease of determination. A
novice in preoof technique can accurately judge failure by this standard
from the very beginning. On the other hand, having determined the
balliastic limit by this criterion, has he learned anything of signi-
ficancel

If he 18 intec-ested in the performance of armor which is apt to
be attacked frequently with lead-ball projectiles, in addition to
armor-piarcing projectiles, he may well want to knew the incident
velocity at which impact by ar armor-plercing projectile will s0 affect
the armor as to psrmit the lead-splash of ensuing dall-projectile im-
pacts to penetrate. From the application of this oriterion he may
determine that velocity.

Otherwise, thia standard provides information of little real
significance.
L. Armor Plate Proof Technigae, Prepared for the Guidance (of) Armor
Plate Proof Officers by Arms and Ammunition Division, Proof Dept.,
Abardeen Proving Ground, Marylend. 14 December 1940. Page 2,

5. The Penstration of Homogeneoue Light Armor by Jacketed Projectiles
at Normal Obliquity. U. S. Naval Froving Ground, Dahlgren, Va.
Report No. 1lkUL3. 8 July 1943, Page 2,
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It is sometimes urged, howaver, that the use of the Army limit
provides a factor of safety in that it affords a margin belween the
ballistic 1imit so determined and the velocity at whieh death-dealing
fragments are detached, so that armor d-signed to resist complete pene-
tration according to this critericn at a certain velocity will pretect
against lethal penetration at a velocity a given percentage higher,

But thie is a dangerous presumption, inasmch as this margin la very
variable and often non-existant—-for example, when plate fallure occurs
through shear (punching), the Army limit can be resliged only through
the release of death-dealing fragments., Since shear failure is
characteristic of the penetratidtn of under-matohing places, plrtes of
nigh hardness, and pletes at obligquity to the line of fire, the circum-
stances may be infrequent when & margin exists between Army limit and
Lethal Limit.

The Navy criterion likewise is very well adapted to particular uses.
In the sphere of naval ordnance, where the proficiency of a projectile
is measured not by its ability to incapacitate personnsl merely, but
rather by its ability to incapacitate, substantially, an entire section
of a vessel through a high order detonation, armer does not fail unlesa
it allows itself to be parforated by an intast prejectile. In such an
application, the Navy criterion is & realistic one. However, its trans-
lation into the realm of small-arme projectiles is difficult to condone.

In considering armor for aircraft it must be recognized that the
incapacitation of personnel may well result in the loss of the aircraft.
Thus, a criterion by which armer may be deemed passable undar an impact
which causes death-dealing fragmente to be relesased from the rear of the
plate ims not a suitable standard by which to judge the ballistic effi-
ciancy of ajrcraft armor. Such a criterion, however, is established
when a Navy ballistic limit or guch 8 3light modification of it as is
defined in Spacification ANOS-1° is prascridbed.

Figure 1 shows the fragments of plate and projectile which flew off
the rear of a 3/8" rolled homofenaous aircraft armor plate (BHN LLl)
under normal impact at various velocitises with ocsl. .50 AP M2 projectiles.
While {t took an incident velocity of 1555 fest-per-second (deliverable
at a range of 1250 yds. by a gun with muezle velosity of 2900 feet-per-second)
to produce a complete penetration azcording to the Navy criterion. and a
velocity of 1488 f/s (deliverable et 1325 vards) to produce a complate
penetration under the criterion eatablished in Spesification ANOS-1, an
inclaent velocity of 1230 f/s (deliverable at 1700 yarde) was sufficient
to detach lethal fragments from the rear of the platas.

At obliquity, the difference is much more pronounced., When steel
armor plate is installed at an angle in excaess of 20®* it has been found
te be virtually irvpossidle for a emall arms projectile of current pro-
duction to perforate it and remain intact and undeformed. 7 Thus, data
L. Spec a¥0S-1, 16b, describes a penetration As complete fwhen the

oullet core parses completely through and falls dehind the plate"
The stipulation, characteristic of the Navy oriterion, that the

‘ projectile remain intact and undeformed has deen omitted.
7. WA R ort Ho. 710/466 "Armor Plate -~ An Analysis of Firin s of
cal. .5 ﬁnnunition against Homogmnsous Armor Plate* . dener.
Hovembor 19
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on Navy ballistic limits at such obliquities: deserve careful scrutiny.
During & test of a series of plates (nominal thickness - 5/16") sub-
mitted for devalopment under Specification ANOS-1, balliatic limits ,
at 30° obdliquity according to the Specification criterion and according

to a Lethal Limit criterion were detsrmined.8 The results are summarized
in Table I. The minimum difference batween the ballistic limits according
to the two criteria was 327 feset-per-second. The maximum difference was
1278 feet-per-second, and the average 771 feet-per-second. This repre-
sents an average differencs of 800 yards in the ranges at which the two
affects may be produced. The table also indicates that an armored plane
may be lethally vulnerable at a range more than twice &s great ase its
vulnerability range according to the specificatien oriterion. This may
well represent the difference between the pilot's dringing his own
armament into play or not.

in attempting the procurement of aircraeft armor, therefore, the
Lethal Limit., so-called, merits consideration. The Proving Center,
Aberdeen Proving Ground, adopting a very realistic attitude in deter-
mining the resistance to penstration, at 30° obliquity, of srmor sub-
mitted under Specification ANOS-1, has, in effect, determined 2 lethal
limit by placing a thickness of duralumin a fixed distarce behind the
test plate and calling penetration complete when the duralumin has been
pierced by fragments resulting from projectile impact. The Naval Research
Laboratory has long recognized the inapplicability o: the Navy limit
criterion to work with small arms projectilee,d but the Naval Proving
Grounds at Dahlgren, Virginia, apparently* have not entirely relinquished
use of that standard in the testing of light armor. :

. lamy

At normal incidence, in the hardness range where plates fail in &
ductile manner (and this range is equivalent, roughly, to the so-called
machinable range, which has an approximate upper limit at BHN 375) the
Lethal Limit and the Navy limit generally coineide. Otherwise, the
Navy limits are realized at velocities variably in excess of lethal

imits, Thus the determination of the FNavy limit of an aircreft armor
plate furnishes little information of significanece as to the real pro-
tection afforded by the armor unless a maximum hardness limit is es--
tablished and testing confined to normal incidence.

Since it 18 reasonable to be interested in the lethal limit of
aircraft armar, it should also be reasonable to specify a criterion by
which this lethal limit may be determined. The specificetion of a Navy
criterion does not accomplish this end, and althougb the Army criterion
might be utilized by ignoring the illusion that a margin exists between
the Army limit and the Lethal Limit (for example, by considering the Army
limit identical with the Lethal limit), a mors legisal step would seem
to be the specification of a lethal limit criterion. Then & real margin
*See reference 4, footnote page U,

8. 0.0, 470.5/14389, Homogeneous Aircraft Armer Development Plates.
6 May 1943, o
9. Navy Dept. Eleventh Partial Raport on Light Armor. Naval Ressarch
Laboratory, 0-2068, 19 May 1943, page U4, ‘ L

Y

@

-6~



it S A A A N Yy - vy oy PR AR Asui v AR e A e e ST ec B

of rafety c¢nulc be aesured by considering, for design purposes, the

(n protecztion uitorded by s given thickrsrs of plate to he a certaln
percentage [ower than the lethal limit specifled &5 & requisite to
acceptance.

ii. Mschanisms_of Armor Fenetrati-n

A consideration of the mechenisns by which srmor ne) be perferated
nay £l6o bLe germane to the present discuseion,

Y

Trhere are two_extreme types ¢f mecharicin by means of wnich armor
nay be perforatti.lo The more commcn type of perforaticn is accomplished
ty the propectile's plestically pusiine ¢ ide the plate materisl ir ite
(g rpath until a hole has been formed eufficient to ellow ite passage through.
’ This mechsnisn, sudbstantially, 1s characteristic of the perforation, &t
rormal lrciience, of armor of & hardness within the machinable range by
sLarp-ncs=d non-deforming grojectiles.

‘ Tha cther extrene i8 charactsrigel by the plate's failure in shear
® along a c¢ylindrical eurface perpendicular to the plate's surface re-
switine in the releass of a nsarly cylindrizal plug from the path of the
projectiile, thus tscilitating the project!le's prozress through the plate,
nts {8 the macthanism by means 97 whi:n & flat-nosed projactile perforates
an unaermatcning plata at normal in-idence.

‘a Vartations {n the denirn, comprsitizn, hest-treatment and hardness
¢t the profantile, vartatisng {2 the couposition, heat-treatment, hardness
nd Ronnasa of the aranr, variations in the ratio of plate-tiickness to
projae~tile-c.amestar or variations in the ohliquity of ircidence will
pro“ure Aiffarant combinatinne of trese two basic mechenismsg

at noliquity, impact of small arms projectiles of current design and
nanufacture with aircrafi arror plete renilts zenerally in a comdination
in whict <ne initisl stages nf perforatior are reached hy a plastio pushing
aside of material anl eventual nerforstion is acoomplished through the
fariure of the plate in ghear,

PY At rormal ineldence, the ne~forsti:n of undermatching plate by
anaru-nosed progsectiles {8 accomplished by o similar sequence of mechanisms,

The elenificance of the mechaniam by which failure is Jrought abdout
will be trectea later {r tnis report.

° 111 Jrauprical iepresentation of Data

Aoplor or ¥Em varels wid onuoler comparisons to be made among piutes
of various tricknepres oo the Suiir of tha protection aiforded by a mnit
weight of ermer ellolddue w 201t ATwea normal to tne line of fire, anu

A0 W A hepert Yol iie/ Wi “Meckarien of Armor Penetration®. Second
PY Y Fartia. Report. ¢ Llener ané 7. L leterson. 1 May 193
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aleo sllowe an insight into the mechanisme of penetration characterietic
of dlfferent valuas of the ratio cf plate-thicikness to projectila-diamater
ratic

Thus, &t normal inclidence, a plot of F values based on penetrations
effactes by a purely plastic pushing-aside of material of constant physical
properties from the path of a non-deforming bullet -mould result in e
herigontal line where, at all valuee of e/d, P wonuld be constant.

Again, at normal incidence, penetrations resulting from fajlure of
tra plate by pure shear would give F values which would fall iz A gteep
curve sloping sherply downward ac e/d decrepsed.l?

Since, in practice, penetretion of current sirereft armor hy
currert small-mrme projsctiles &t normal incidence 18 never effected
coumpletely by either cne ¢f the twe besic pure mechanisme, a plot of
empirical values of F ragultant froem varying combinatione of the two
could he expected te fall elong a gredusl curve tangent at its extremities
te the efereranti-ned plote, Sirce the helght of the hcrizontal line and
trhe slope and lateral placement of the steep scurve are dependent on
nardrear, 85 aleo would be the emirical curve,

At obliguity, the univercality of breakaze of current emall arms
rrojactilas tends to obscure the machaniem of nenetration, but eventual
failure in ehesr is apparert at much higher values of e/d than at normal
incidence.

A pl:t of empiricel velues of "F" determined nn steei armor plate
at cbliquity characteristically tende toward the horizontal at values
0t e/d whick are in excess of & certain critical value which appears to
be an inverse functlon of hardnees. Below this eritical value, F decreasss
in the feneral direction of the origin. Thue, due to the inverse influ-
¢nce ot hardness on the critical, the slope of F at lower values of e/d
is mich steesper in the nirher hardrers levels,

IV, The Requirements of the Specification

A plot of the values of F required for the various values of e/d

at rormel inciaence mand at 20° obliguity ir presented in Figures 2 and 9

respectively and reproduced as A dotted line in Figures 3 to 8 and

10 t¢ 1% respectively. The substantial agresment between the valuee of

I reguirea uncer impact of cal, .30 AP M2 and cal., ,50 Al M2 projectiles

ie notable, but scund.

11 "me Fellistic Propertiess of Mild Steel, Including Preliminary Tests
of Armor Steel and Dural". National Defense Research Committees Report
A-1i.:Prosress Report. 20 November 1442, Appendix A, page 47,

12, I%d, pace UG,
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Plots of the values of F determined on the basis of lethal limits
E at normal incidance are presented in the order o0f inereasing levels of

plate hardnese in Figures 3 to 8 and similar plets baesd on data at 30%
obliquity appear in Flgures 10 to 13,

It {s customary in the development of s wpecification for armor
to procure typical samples of material, to submit them to teats with

the type of projectilas against which they may be expected to be emplaced
in service, and, on the baeis of thase preliminary tests, to stipulate

ballistic limits which must be equalled or exceeded if production armor
is to be deemed acceptable,

In certain circumstances, (for example, in the stipulation of Army
ballistic limite where, over the range of e/d usually subject tc test,
the limit velocity is substantially a linear function of e/d), the de-
termination of the dballistic limits of the sample plates at a few valuss
of e/d can become a reliable basis for interpolation and extrapolation.

However, when a Navy ballistic limit or a lethal limit is to be specified,
no such short-cut 18 reliably available,

Comparison of the graphs drawn from the specification with thoee
based on empirical data leads to the suspicion that the lower end of
the specification zraphs were determined by sextrapelation.

At normel incidence the error is not s> evident lLecause even at
the lowest values of e/d spacified the drop in the value of ¥ which
characterizes the predominance of a shear failure im the mechanism of
penetration has only begun to assert itself. Howsver, at 30° obliquity,
the characteristic slops of F toward the origin degirns &t a higher value

of e/d and, consequently, the disagreement between the specification and
empirical data is inevitable.

V. Bffect of Hardness on Resistance to Lethal Penetration

A. NBormal Incidence

Figures 3 to &, based on the empirical data recited in Tadle II,
show thas effact of hardness upon the Rbilit:> of armor to meet the re-

sistance requirements of Specification ANOS-1 under impact at normal
incidence.

At no hardnass level can the rasquirements for resistance to
penetration by both cal. .30 AP N2 and cal. .50 AP ¥2 projectiles ba
mat at all values of e¢/d, although armor in the hardness range BHN 3u6-385
substantially satisfies the specification requirements at all except the
lower values of e/d where, it is suspected, the requirements may have been

poorly evaluated. At hardnesses below this level resistance to penetration
by both projectiles increases with BHN.

~0-



A% hardnesees abeve this level the resistance to penstration
of armor by cal. .30 AP M2 projectiles continnee tc increase whereas
its resistance to cal. .50 AP M2 projectiles penstration tends to
decrease. The precise reason for this divergence is not yet apparent.
However, it would seem to be traceable to some inherent difference
between the two projectiles with respect to resistance to deformation
and shatter. '

Figure 14, based on the plots in Figures 3 to 8, graphically
demonstrates the dependence of the lethal limi{ upon plate hardness.
The subetantially constant differential between tha limit values for
the two projectiles (in the lower hardness range) is attributable to
the difference in the ratios of weight to the cube of the diameter of
the two typee. (Note the agreement of F values determined by cal. .30
AP K2 and Cal. .50 AP M2 projectile penetration in Figures 3 to ©6.)

B. Cbliquity - 30°

Figures 10 to 13, based cn the empirical data, recited in
Table III, show the effect of hardness on the ability of armor to meet
the requirements of Specification ANOS-1 under impact at 30° obliquity.

A% only the highest hardness level (BHN in excess of 425)
can the requirements for resistance be met at all values of e/d tested
and, even at this hardness level, extrapolation of tha graph raises a
question as to whether armor of the lowest e/d covered in the specifi-
cation would have passed had any been tested in this hardness range.

At all values of e/d increasing hardness improved resistance
to penetration at this obliquity. At a2ll levels of hardness, projectile
breskage was observed. Since increasing hardness would tend to influence
inversely the depth of penetration effected prior to breskage the results
are intelligible.

Pigure 15, based on the plots in Figuree 10 to 13, graphically
demonstrates the substantially linear relationship between hardness and
limit velocity.

VI, Realistic Specification of Resistance Requirements

In light of the above discussion it is apparemt that a measure of
realism should be introduced into the specification of resistance re-
quirements under ANOS-1,

Fundamentally, the stipulation of a lethal limit eriterion, or a

resronably exact facseimile, should te made., Thus & firm basels for the
utilizetion of armor procured uncer this specification will be established.

=10«



Next, the testing of s single plate for resistance {o penetre-
tion by two types of projectiles at one obliquity should be discontirued.
The divergent bshavior of plates under impact of different projec:tiles
a8 illustrated in Figuree 7, 8, and li discourages armor menufacturers
and disillusions them as to the competency of the spesification. On
the dbasis of the data in this and similar studies, requirements may be
et up that will assure that plats which passes such standards under
impact of one type of projectile will provide satisfastory resistanze
to the other type of projectile,

From the present date it appears that tests with a cal. .50 AP M2
projectile will substantially predict the minimum resistance to &
cal. .30 AP M2 projectile at sll levels of hardness whereas teats with
the cal, .30 AP M2 projectile wil’ ensble predietion of the resistencs
to cal. .50 penetration only vhen the armor is of & hardiness less than
BEN 388, spproximately. Since neither projeoctile sheuld be used when
o/d is less than 0.5 (because this is apparently the ratio below which
shear feilure predominates in the mechaniam of penetration, see
Pigures 5 to 7), plates less than 0.35 inchew in thioknese would ne-
cessarily have to be tested with cal. .3JO AP M2 projectiles. In such
a case, & limit on hardness would insure a higher degree of predictability
of the plate's resistance to cal. .50 AP M2 projectile penetration.

Furthermore, the testing of light armor at obliquity on the basls
cf resistance to penatration should be discontinued &s an ingpection
device, The factor of projectila dreakage lends to sich a test an
aspect of futility.

Study of the composition, heat-treatment, structure and physical
properties of armor which will best withatand attack &t various service
obliquitiss, not merely by the current service projectiles, dbut also
the best projectiles producible should be the smabjest of Ordnance
Department activity. The tendency toward raeduced proof testing, now
apparent, should be exploited to this end and the predictadbility of
the resistance of armor to penetration by the best projectiles at
obliquity from the data at normal incidence investigeted. In no other
way will the acceptance of armor subject to attack from more than a
single angle be Jjustified.

VI, REffect of Hardness on Resistance to H.E, Penetration

A gurvaey of the results of teets with 20 MM H.E. projectiles at
20° cbliguity shows no determinable correlation with hardness. Logically,
since failure of sound armor under this test is usually the result of
tensile stresases acting tangent to the rear plate surface generated by
the Lulging effected by tha explosion of the H.E, charges, reslstance
to failure should increass with tensile strength, and accordingly with
hardness, until the reduced ductility inherent ia the material of in-
creasesd hardness affects the character of the mechsniem by which failure
occurs.

-11-
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Howaver, there is a variability im the test itvelf which may
well affect the value of the results obtained. The lag ef only
1/30000 of & second in the axplosion of the charge can result in
an increase of 3/U% in the proximity of the aharge to the plate at
the momant of explosion whfn the projectile is traveling at a rate
of 2000 f/s. Recent testsl] pointedly illustrate the effect of
this change in proximity on the results of the explosion,.

If the roagtidn of armcr to sugh sn attack is of interest in
the procuremsnt of material, and it may well be, a test wheredy .he
H.B. charge is exploded a fixed distance from the plate would bde a
much mors reassnable test. Under such sonditions, the variability
would be largely confined to the plate and the resulte therefore
much more indisative of the resistance of the plate te this type
of attack,

YII1. Projectile-through-Plate Tests

In earlier work at this Arunallu it wvas noticed that an
increase in the obliquity of testing tended more adequately to
disclose inherent spalling tendancies in armor. Oonsequently, a
projectile-through-plate test at obliquity was suggested by this
Arsanal .*

I$ was not contemplated that, at odbliquity, a stringent
oriterion of parmissible exit diameter would be stipulated. Rather
wvas it intended that fallure be based on the disclosure of spalling
tendencies in the plate regardlees of exit diameter. Apparently,
armor has dbeen rejected, however, on gho basis of excessive exit
diameter in the abszence of spa.'l.nng.l :

*Bee refarance 2, footnote page 3.

13. Aberdeen Proving Ground, Maryland. Second Nemorandum Report
on Proving Center Project No. 2113, 6 Sept. 1943. Photograph
#91583, In these tests identical THT cylindrical charges were
detonated 3/4* and 14% from the plate surfase. While the
charge detonated 12" awvay was successfully withstood, $he
charge detonated 3/L4" mearer the plate surface blev a sizadble
se3tion out of the plate.

14, VWatertowm Arsenal Report No. 710/456. BRolled Armor - Ballistic
Properties of Rolled Face-Hardened Armer and Rolled Homogeneous
Armor of Various Hardnesses at Normal Incidence and at Various
Obliquities. J. Sullivan. 28 Sept. 1942, Page 2V,

15. Aberdeen Proving Ground Reports AJ802, A7305, A7860, A7918,
A7520, A£030.
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At obliquity, exit diameter may be a function of plate thickness,
Plate hardness, prejectiles breakage, and incident yow,1° Thug, this
dimension is not altogether significant of the qualisy of the plate.

At normal iroidence, projectile dreskage ani incidmnt yav do
not affect this dimension aritically and unusually large exit diameters
xmore scourately indicate plate quality. However, aspalling temdency
iz less sensitive to disclosure &t normal fncidence snd the test at
abliquity is to be preferred as a test of steel quality.

At velocities in excess of a oritical, the Jacket of a small
erms projectile is not entirely stripped from the core, dut is rolled
back into a tight ring which hugs the core during pemetration.l
¥hen this occurs the size and energy of the jacket influence the
nechanise of penstration, and fallure in shear is gmaerated, a plug
approxixzately equal in diameter ic the cumulative diameter of the
core and the rolled-up jacket deing knocked out of the path of tha
projectile., Fallure of this type naturally sffects the size ¢f tho

N oxit dismeter and tends to odbacurs the true quality of the plate
material. '

Therefore, the veloocity of the projactile used in this test must
be kept encugh delow this aritical $o insure the adbsence of the
"jacket effect” and at the same time be sufficiently above the Navy
limit velocity to assure a trus projectile-through~plate test. In
order to achieve this two-f0ld objective the utilisaition of s larger
calider projectile in this test may be necessary,

16. V.A. Intrsoffice Memorandum. 19 August 1943, Bee Appendix A,
17. VWatertowe Arsenal Rolled Armor Report No. hl, ®Types of Failure

Ocourring in the Shock Test of 1/2" Nomogeneoua Armor with
Gal. .50 AP Projectiles.® K. A. Matthews. 6 May 1942,

-13-
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SWMMARY OF DISCUSSION

It is, therefore, suggested by the considerations above that a
more realistic approach te the specification of ballistic requirements
for airoraft armor may be facilitated by the recognition of the
follovwing contentions:

1. The oriterion of plate quality should be based upon the
resistance to lethal penetration as a more accurate measure of plate
efficiency than either the Army or Navy limit¢ criteria.

2, Tests at obliquities to determine resistance to penetration
utilizing projectiles which dreak up or shatter upon impact should de
discontinued as an inspection devioce.

3. Teste for resistance to penetration wherein the ratio of
plate-thickness to projectile-diameter is less than 0.8 should de
disoontinued since protection is not offerad under these conditions
at combat ranges and the bast psrformance under these greatly over-
matohing projectile conditions ie not compatidle with the optimum
resistance to matching projectiles.

4. Tests for resistance to penetration on a single plate st
any one obligquity with more than one type of projectile should be
discontinued. (If, in accordance with contention 3, above, the
Cal. .30 AP M2 projectile is used, an upper hardness limit should de
stipulated.)

5. The proximity of the explosive charge to the plate in tests
to determine the rosistance of armor to H.X, shock should be rigidly
controlled.

6. The criterion of fallure under a projesctile-through-plate
test at obliguity should be the disclosure of inherent spalling
tendencies and not the dimension of the exit diameter.

7. The oriterion of failure under a projectile-through-plate
test at normal incidence may properly be the dimension of the exit
diameter, but assurance must be made that the "jacket effect"”
attendant at high velocities is avoided.

€. The use of an overmatching projectile in the projectile-
through-plate test should be advantageous.

Finally it 1is urged that,wherever possible, non-dballistic
tests bo used in the inspection of armor to the end that proof
facilities may be made available for develepment work with armor
and projectiles wo that the behavior of armor under impact of various
projectilam at various obliquities may be correlated with a single
ballistic test at normal or, perhaps, even a non-~bhallistic test and,
as a result, the stability of armor in service, under all sorts of

attack, may be sssured from the results of that one test.
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NOTE:;

In the tabulation of data in this report, m/d> is
evaluated in terms of pounds per cubic foot, but, in order
' | to keep e/d dimensionless, both o and d, as used in the

. latter ratio, are evaluated in terms of inches aince e is
popularly evaluated in terms of inches,
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)
b
Ttore 1~ Freaments of viste and crojectile thrown from the rear )
¢cf a 3/8" homoreneous srmor plate of hardness BHN Lk
under impact ~f cal, .50 AP M2 prcjectiles of various
velocity at normal incidence, Illustrating that
jeath-dealinz rragments may bé projected from the rear
of a homogeneous nlate at velocities considerably less
than the Navy limit velecity.
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April 1, 1943

W.A. 470.5/6469(r)
Laboratory(NAM)

Suhject: Analysis of Fallures of Armor Flotes Sudbmitted under
Specification ANOS-1

To: Crhief 5f COrénance, U.S.A.
Fentegon Building
Washington, D, C,

Attn; SPOIB

1, 1t has bYeen noticed at this arsenal that manufacturers
gubmltting armor pletes for test uncer Specification ANCS-~1 have
rad 1it*le or no success in furnishinz pacsable plates &t thicknesses
of 3/1b" and 5/1t" whereas they have hal some success in providing
acceptadble armor at the intermedlate l/u" gauge.

2. At first zlance this fiuctuetion in results tends to te
puzzling, tut upcrn further invectigation and analysis an explanation
appesrs.

3, By plosting the familicr "F¥ coefficient of Thompson versus
valuer of e/d coz @ some insight inte the wechanisz of armor perforation
rey bte had, A typicel plot of these velues based on deta frem tests of
oroducticn plates fired at 30° in accordence with Specification ANOS-1
ie appended as Chart I,

4, It will be noted thai beyond a certsin critical velue of
e/d cos © the merit ccefficient tends to remain fairly constent while

at velues less than the criticel the merit coefficient Tfsells off rapidly
as =/i con § decresses,

5. The ceonstency of the "F" fimctlon beyernd a critical pceint
seems to indicate a mechanism of perioration wherein the projectiie,

actirg like & welge, offects progrese through the metail by pushing it
asias., Arainst a steel of constant physical properties this type of

mechanism wo.dd produace constant "F! values.

€. However, in
rapidly there agpmarent!
porfoerather apprsre to
bacause of the anequal

[ L 4

he Tegion where tie meri: coefficient fells off
v 1g operstive a diffarert mechanism. Here
be effected 7 the plate!s failure in chear
zentest betwsen ovormatching projectile and plate,
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Thua, the greater the ratlio of projectiles caliber to plate gauge the .;g
quicker shear failure (punching) wil) occur and a lower "F" valus
will result,

7. This sequance of mechanisms is characteristic of all types
of steal in perforation although the exact course of a plot of *F*
coefficients 1s & function of the physical properties of the steel
and the obliquity of the test. Generally, with an increase in hardness,
the point indicative of the demarcation from mechanism to mechanism
will move from left to right on the chart and the level at which the »
"F* values tend to be constant will be higher. inecrease in obliquity
will pr~duce a similar effect.

8. A plot of the "M coefficient resultant from theoretical
samples of armor which would saetisfy the requirementec of Specification o
ANCOS-1 when tested at 30° is imposed upon Chart I. It is gpparent that )
ne allowrnce har been made for a change of mechaniam below a critical )
wwlue of 0/d coe ®, Thie ie understandable inaswmuch as the dbulk of
hallistic testing is conducted under conditions where e/d cos © exceeds
the critical and testing under the Army criterion does not reveal the
phenomenon.

3. However a comparicon of the results with the requiremente
indicates the improbability of producing acceptable plete with s/d cos ©
values less than that at which the performance curve cutas the require-
ment curve. Under the provisions of Specification ANOS-1, 3/16¥ plate
subject °d tc Cal., .30 AP M2 firing at 30° and 5/16" plate subjected to
Cal. .50 AP M2 firing at 30° will have values of e/d cos O less than
the intersection value assuming a rangs of hardness corparable to that
of the plates now being furnished. Since 1/U" plate tested under this
specificntion ls subject to Cal. .30 AP M2 fire alone its e/d cos 8
values are above the charecteristic critical.

10. In the light of paragraph 7, above, it will be raalized that »
the path of the performance curve may be altered by varying the hardness
of the armor. 1In this way, it may be contended, the demarcation point
between the mechaniems could be moved to the left by lowering the
bardness of the armor and that portion of the curve where "F" values
tend to bo constant would extend over the af/d cos 8 valuee of 3/16% and s
5/16% plate. Thic argument is valid except that it ignores the fact
tlat coincident with a lowering of plate hardness there is a lowering
of the level at which tho "F* values flatten out. Thie resultant level
may well fall below the requirement level with the result that at all
values of e/d coz @ the requirements could not be met, There is however
some poesibility that this adjustment could bs made, and if testing
were conducted at but ono obliquity a solution might lie therein. 4
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11. However, as obliquity is verled so also is the patL of "F*
values varied, Asceuming that the peth of the performance curve at one
otliquity was satisfactorily adjusted to the raquirement curve by
maniprlating the hardness of the plates, the resulte of this manipu-
lation would be reflected ir the path of the performance curve at a
gsecond obliquity. There is sound basiz for believing that the latter
curve would not readily align with its requirement curve. Indeed by
manipulation of the hardness levels amazing results may be obtained.
For example, it is possible for the performance curve at normal to
exceed the performance curve at 30° at certain values of e/d snd at
certain levels of hardness, resulting in a ballistic limit at normsl
in excess of the obiiguity limit. In an attempt to suit plate to
the requirements of the specification such resilts actually have been
rocorded, This otherwise myveterious behavior has besr attributed by
a bewildered test persennel to poor plate quality or poor projectile
quality.

12. An snalyeis of the behavior of variocus typers of steel in
perforation leads to tha conclusion that the probability of producing
armor /16" or 5/16" thick that will satisfy the current requirements
of Specification A¥0S-1 ie so low that it is economically unfeaeidbls
for a manuf.cturer to attempt to do so.

13. Thus, if one expects to procure plate under thic specification
the ballistic requiremente need immediate revigion. Suck a revision
mist recnognize the phenomenological indications of the performance
curves., Better yet a test requiring a reasonable penetration resistance
at normal incidence with matching projectiles coupled with a high-speed
prejectile—through-plate teet at obliquity would probably afford a
better criterion of the rael quelity of plate in the critical gauges
than any combinatior of resistance tests which could be devised.

For the Commanding Officer:

H, H. ZORNIG .
Colonel, Ordnance Dept.
1 Incl. - Chart 1 Diresctor of Laboratory
cc ~ Ofrice,Chief of Ordnance-SFITC
Proving Center,
attn.; Capt. M. J. Lweig
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0.0, W70 "Mkl (r) Webster/glw
Attn. SPOTB 2300
WA 470 5/RL69 (1) lst Ind.
®
War Department, Ordnance Office, Washington, D, C.. June 5, 19h3
Tos Commanding Officer, Watertown Arsenal, Watertown, Mass,
1 The phenomenological condition pointed out in basic communica~
tion is one of the two places for armor ballistic obliquity tests where ®
anomalous dispersion occurs. It has been brought to the attention of some
interested persons. The curve shown for 0-303° compares for the hard homo-
geneolsg armor very favorably with the similar curve for face-hardened
armor shown on Plate 5 of Report No, 1745 (Eighth Partial Heport on Light
Armor), a copy of which ie in the possession of the Laboratory, The curvs
a{ normel Las a much more rapid rise to the crown near an e/d ratio of ®
unity, while tihe ?0-~degree curve rises more slowly reaching unity at about
efd equal to 1.15. This anomalous ®ituation has been noted both by the
Navy and Army in past tests. :
2. Changes in the specification AN-0S-1 to facilitate production
testing are to be made in acrordance with letter sent to Watertown Labora- ‘.
tory under date of May 15, 1943, file WA 114/12505, ,
3. It is requested that the curve at 0° under the same conditions as o
that for that at 30° be superimposed on Chart 1 and submitted with relevant S
data, :
) [
By order of the Chief of Ordnance:
G. Elkine Knable L
Col., Ord. Dept.
Assiatant
1 Inci
w/drawn
°
L
9
o ® ® ® ® ® ® ® L { ® o L J o o
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Sullivan/anv
WAR DEPARTMENT

WATERTOWN ARSENAL
VATERTOWK, MASS,

IETBAOFFICE MEMORANDUM

August 19, 1943
FROM: Mr., J. F. Sullivan
TO3 Major N, A, Mat thews

SUBJEGT: Effect of Service Velocity Cel. .50 AP M2 Projectile Impact
upon Armor Plates of Different Thicknesses.

In the application of the Projectile-through-Plate test at
30° obliquity, recommended by this Arsenal at an earlier date, it was
not cortemplated that the criterion of a two-calider ¢xit hole diameter
be adhered to. Rather was it envisionsd that plate failure bde based
on spalling tendencies revealed in the plats by such an oblijuity tesat.

4 gtudy of the resulte of firing the cal. .50 AP M2 prejectile
through a 3/8" and a 1/2" plate at service velocity at this obliquity
reveals a tendency of the exit-hole dimension to be affected dy the plate
gauge, and theoretical considerations indicate that plate hardness and
projectile yaw mey also be factors affecting this dimension,

It was ohbaserved that at service velocity these plates (in the
hardness range BEN 2U0-260) failed in shesr with the surfaces of shear
tendine to follow a definite pattern, Considering the case where 30°
obliquity is effected by tilting the plate away from the gun by plvoting
it around its bottom edge a croes-section of the perforation would show
that the upper surface of shear tends to be parallel to the line of fire
and to align with the upper longitudinal surface of projectile in flight,
The lower shear surface tends to be perpendicular to the plate surface
and to originate at the point of lowest contact between the projectile
and the plate.

Thus the rear dimension resulting from such a shear failure
would tend to increase with plate thickness, all other factors ramaining
constent including the shear pattern. Plate hardness, which influemces
projaectile deflection and projectile yaw, by relocating the point of
lowest contact between projectile and plata surface, may alsc affect the
exit-hole dimension.

During recent firings at plates (3/8" and 1/2" thick) the major

exit-hole dimensicns were observed to be 3/4* and 17/16" respectively.
Thauigpegded aketch illustrates a shear pattern which might produce such
ros 8.

It is therefore recommended that plates be failed under this
test on the basis of spsllinf and not on the basis of excessive exit-hole
dimension when the punching 1s clean and the structure of the steel is
otherwiss apparently sound,

‘This“i§etch bas besn re-drawn as Figure 16 of W.A. Report 710/L493(this
report).
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TABLE YN0,
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Cr\mnv me ‘

Sumniery of Lethal Limits (V—) of

of Hardness Loss Than BAN 276 Fired at C°

Surnary of Lethal ilmits (V-) of
of Hardness BEN 27/ to 305 Fired

Summary of Lethal Limits (V¥ ) of
of larineas BEN 206 to 345 Fired

Swmrery of Letral Limits (VL) of
pf Hardress BEN 3L€ tc 335 Fired

Sumriery of Lethal Limits (VL) of
of Hardness BHN 386 to 4K Fired

Simmary of Lethel Limits (VL) of
~f Hardnesg Grester Than BHN L2R

Surriarcy of Letval Limits (VL) nf
of Fardnees Greater Thgn PHT 306

Sutmary 2f Letral Limite (V) of
nf Hardress Greater Tran BYY Tuf

Summary of Letkal Lirits (VL) of
nf Merdness Greater Then B R

Surrary of Letnal Tirits (‘VI_) of
nf Hardness Grester Thran 2HN L2R

Rolled ¥omogeneous Armor
Obliqulty.

Roilrd Eomogenecus Armor
at 0° Obliquity,

Rolled “ir 10geneous Armor
at 0° 2biiquity.

Holled Homepeneous Ardior
at 0° Odliquity,

Rolleé Homogeneous Armor
a' 0° Obliquity,

R>11ed Femogeneous Armor
Fired at C° Obligquity,

Holled iomogeneous Armor

to 345 Fired at 3C° Obliquity,

Roiled Homogeneous Armor

Yo 385 Fired at 30° Oblieuity.

Relled Vsrnogeneous Arnor

to LZR Fired at 30° Otliquity.

Ro'led Heomseenenus Armor
Fired at 3G° Qbliouity.
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o
T-ble Shent Column Line Corraection
1v 2 e 22 . 383 for ,322
v 4 e/d 13 1,333 for 1,353 )
®
y 1 VL 15 1338 for 1388 .
v ‘ Data 9 456 for 450 -
VIT 1 Cal. 14 .30 for ,RO T
°
VIiII 7 Tata 3C 46612 for ANLL2
vIII 3 Data 31 An612 for 6612
VIII 3 e/d 35 1,305 for 1,30 . .
®
VIII L Data 7 14389 for 14489 -
1z 1 . 12 .317 for .312 -
1X 1 e/d 12 JTHO for , 742 ;
X 1 e/d 25 1,268 for 1,262 C
X 1 0 31 .380 for ,350 -
o
-
.
o
o
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Appendix B

TABLE 1

Somary of Lethal Linite (7

of Rolled Homogenaeous Armor

Hardness Less Than BIN

276 Fired at 0° Obliquity

Cal, 1/d3 BHN
.50 1275 2Ll
. 50 1275 2us
.50 1275 261
. 5C 1275 255
. 50 1275 20,9
o 50 le 7% 271
° ) ®

VL e efd Data Source
146Y <375 875  W.A. 710/456
1407 .375 875  W.A. 710/uKé
1748 .50 1,167  W.A. 710/456
1896 .625 1.459  W.A., 710/Ls6
2185 . 750 1,750 _ WoA. T10/U4B5
2130 .« 750 1.750  W.A. 710/45¢

® o ® ] [



Avpendix B, TABLE II

Summary of Lethal Linits (VL) of Rolled Homogeneous Armor

of

Hordness KMN 276 to 305 Fired ot 0° Obliouity

Cel, m/a3 BEN
» 30 1375 285/302
.50 1278 o8P
=50 1279 202

a/d Deta Source

1,138 A.P.%, 45379

1.1R7 W.A, 710/b56
1,167 W.A, T10/L56
W.A, T10/k56
W.A, 710/456
W.A, 710/Us6

L TR
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Arvendix B, TABLE II7

of Rolled Fomoceneous Armor

I

Sumrary of Lettal Linmtts (Vg

)
£

Jerdness BN 30F to 35 Fired at 0° Obliquity

<

|

Cole /47 _ K ¢ YL e _e/d  _ Dats Source

. 50 1275 332f3kc - 0 1237 312 .T728 A P.G, A6179
B0 1275 713 0% 1301 313,730  A.P.G, A5962
.50 1278 340 0% 1304  ,315  ,73%  0,0. 470,5/1L4389
. 30 1278 241 0% 1323 76 s 737 AP,G, abT0e
o 20 1355 w1 0° 1kp7 109 2772 ARG, A65I¥
< B0 1075 %) 6% 13Th 13 .777  A,B,G, AETC2
e 1275 R | 0% 1370 L3k .793 A,P,G, af7c2
- 50 1278 329 0° 1822 375 875  W.A, T10/46
S50 127% 23} 0% 172 ,37% 875 W.A, 710/L56
.5C 1078 2] 07 1811 ,37% 875 W,A, T10/L%A
.30 1355 340 0° 1592 .26 1,057  A.P,G, AbDIS

.30 1355 302/331 0° 1632 27 1,098 A,P.5. AR?7Q
. BG 1275 3@1/363 0% 1779 L9 1.1k A PG, AfCLS

50 1275 121 0% 1901 .%0 1,167  W.A, T10/LR4
5O 107+ 3.0 0° 1769 .0 1,167 ARG, AF095
B0 e L1 0° 18k 509 1,189 0.0, 473,5/14389
e 127+ 221 0% 1859 .510 1.190 0.0. 470,%/1L3%9
< 30 1355 332/34C 0% 1881 212 1,268 A.P.G, AC179
<30 1355 713 0° 1298 313 1,272 A.P.0. ANMER
030 1357 3u¢ ¢ 1R42  ,315  1,28C C,0, L70.%/1u3gg
.3 L1355 241 0" 1798 316 1,285 AP,G. Ab]02
.30 1385 L0 ¢ 1906 .31 1,38%  A.P.G, A37R2
- 30 1385 th) 00 1889 7k 1,382 A.P.G, AbTTR
220 1285 T21/303 0% lbg 49 1,992 A.E.G, AFUYS
3 1355 3ko 7 2403 .50 2,033 A.P.G., (35
230 13%E k] 0% 2583  ,R09 2,069 0,0, 470.5/14389
J3C 1355 171 0% 2508  ,510 2,073 0,0, %7C.%5!14389

SO LeTs /TNl o0 217 910 2,10k 0,0, L70,5/1k38Y

T T T T T T T T T T T T T
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TA3LE I

Summery of hLetngy Lamits (Vy)

of Rolled Homogenecus Armor

of

Herdness EFN 3ul to 385 Fired at O° Obliguity

]

Cal, njd 3PN
RO 127k 375
50 1275 175/38%
50 1275 375/ 38¢
50 1278 3n9
.50 1275 182
<30 1385 363
J300 1385 363
250 1275 375/3871°
«50 1275 3b63/375
S50 1275 375/388
.50 1275 353
5C 1275 37%/387
»R0 127%  363/388
.50 127% 343
S50 127% 300/ 388
50 1275 375/33¢8
. 5C 1278 36L/3s
5O 1275 /198
LR0 127% 375
s 1275 T
o 50 1275 7351
e 127 IR
.50 1775 175
. X0 1355  303/138%
. 30 17155 3h3funl
S50 1275 15L/36h
5C 1275 7Th1/188
o) 1275 375

(v

QO

w o o

L]

°
S

ot

°

e o ¢
Mt AN
o0 00 =~ 4+

o 314

_e/d
770
o TOR
728
L7°%
o 130
. 732
.732

o 133

735
737
T2
U
JTHT
o 147
JTHT
o T47
JThT
. 749
L 751
L7589
LTR1
JTA5
762
.772
TR
077\
786
824

Nnta Source
AP.G, AT5T1
CLo0, w70, ‘\/14389
AP.0, AGLTY
AP, AB179
AP,G, AR9K7
A.P.G, ADHOU
AP.G, AGSOU
A.P.G, A5982
A.P,G, AOT22
A P.G, AbT22
A.P.G, ALT22
A.P.G, AOT22
AF.G, 46612
A PG, ADDLZ
AF.G, ALLTR
A.P,G, AB17S
AF.G. AF178
0.0, 470,5/u63L
A.F.G. AGT22
AP.G. ART22
0,0, 470,5/14389
0,0, %70,5/1L389
0.0, 170,5/14389
A PG, ACTOL
AP, AFT701
0.0. 1i70,5/14389
0,0, 470,5/14389
0.0. 470.5/14289




Apvendix By TARLT IV {(CONT'D)

g Col, wial _mEM
€ B0 278 337375
R0 1275 /g8
LA 1078 3FT/8%
i 1074 3%5
LBC 1775 1]
50 78 3“7
.50 1278 W6 1R
N JE0 275 IR1/36h
' (E 2 1275 36c/3m1
: 8GO 1275 63
L5C 1275 36Y
<BC 127 350
° S50 1275 3Ek/37%
.50 1275 303
~50 1275 363
50 1775 380
[+ RO 1275 36
| 501275 375/188
L 60 1878 35F
: iy 127 65/37%
J 501778 35k
RO 1778 6b/37s
B0 1775 3R2/3A3
1 L R A 49
° fG 127s 27R/3ey
o A0 1275 113/ 38¢8
.20 1380 384
30 135 2f.3
10 1l5F s
. 3% 135 175/358
e 10745 8
Bl 1355  3¢3/1%¢

3

e

(o]

¢t
Q¢
OO
no°
OC

le]
o o

(o]

S C. O O O
[« e

0

o

2

o]

-

QO QO OO0
[o] o

D
2

vy,

1462
1491
IR
gz
iuze
1Lhg

2Ly
1472
1504
1505
1512
1522
1479
14g7
1507
1528
1Ls0
1492
1812
1546
151k
1526
1R20
1495
L
1h7A
1h0F
159

166C
1639
17C8
181K

.378
- 37¢
. 38C

380

o 380
. 380
. 180
< 38

380
. 382
. 38U

‘30,’2

efd

Dets Saurce

- 8L0

0,C. L70.5/14389
AP.G, ARTOL

C,0, 470,5/1k4339
C.0. L70,5/14389
0,0. 470.5/14389
A PG, ARQOS

4.P,G, A53Y3

0.0, 470,5/14389
0,0, u470,5/14389
C.0, 470,5/14389
. H70,5/14385

. 470.5/14389
< 470,5/14389
. 470.5/14389
. 170.5/14389
. L70,5/14389
C.C. %70,5/14289
0.0. k470,5/1L389
0.0. 470,.5/1k1g9
A P.G, AF23h

C.C., 1170,5/14389
0.0. L70,5/14389
.00 Lh70,5/14389
¢.0. «70,5/14389
0.C. NiTu.5/14389
0.0, £70,5/14389

A PG, AGLO9
A.P.G, ABR92

A P.G, ADFOY
AP.C, 4715
V.,0. 4 0,5/14389
AP, ALTLH
AP Y AR9R”E

o C o o o
; - ) ° o
QO O O O o b lp]
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~ 3
152 BN 11

-

—
o ny n
-~
h ] \)W

4
)

-4 =~
1

—

Apr
BN e
375/3%¢ 0°

64 n°
375 o
3121/375 0O
175/388 07
330 0°
375/337 oY
s of
i 0°
87 ol
340/351 0°
372 0°
364 o°
/385 o°
175/337 o¢
wmyf3a o°
353/1%5  ©
3/38% 0"
h3/32 Q°
¥e/e o0
17n/ws o°
LT @
SEL M AL
383 ¢°
375 ¢°
rafrer °
e 0o
1751‘/ 1wz
50 0°
75/300 0 6°
a0y
30 o
_’tyr.// 127 0"
VIR0
° °

'L e afd Data Source
1233 .hec 1,14k 0,0, L70,5/14389
1779 o493 1,151 0,0, L70.5/1L43%9
1788 49k 1,187 0,0, L70,5/143%9
1768 497 1,158 (.0, L470,5/1k389
1808 4495 1,158 0,0, L70,5/14189
1%1% 498 1,12 0.0, u70,5/14389
1749 LG8 1,162 0,0, H70,5/14329
1817 k98 1,162 ¢.0, L70,5/14389
1812 ,50C 1,167 0,0, 470,5/14389
1828  .S0 1,167 0,0, L70,5/14289
182%  ,500 1,167 0.0, 47C,5/1k339
1813 ,500 1,167 0.0, L70.5/14389
1202 ,502 1,172 0.0, 470,5/143%93
1789 .52 1.172  £,0, 470,5/14339
1856 ,5C% 1,176 $.0. 470,5/14325
1853  ,%04 1,176 0.0, U470.5/1L3R9
1359 508 1,176 C,0. L7u.5/14389
1798 .29 1.179  A.P,G. ACR1T
1802 . ro 1,179 A P,3, AFT15
178,09 1,179 AP.3, AbYGE
197 4G 1,179 A,P,G, ACLOZ
1837 .20 1,190 .0, L70.5/4534
1629 _F1R 1,802 0.0, L70,5/461n
1€71 817 1,209 0,0, W10,5/LA30
1837 82 1,214 AF.G, AELR
133¢ 520 1.1k 4. p.G. ARULE
1807 30 1,220  A.F.G. AGOTL
1977 XD 1,0EE 0,0, L76,.5/1437
1€71 570 1,237 A,F.0. ABGL2
18«~h 112 1,202 A,P.G. Af179
1747 312 1,7h8  AP,L, ABLTO
1873 0 L0780 ALP.3. AR9R7
12¢6 b Lee7b AF.G., ARY2
178 3L 1.250 A PG, ARTE2
® ® ® ® ® ®
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Appendix P, TAILE IV (CUNT'D)

Cal, onfd: N 8 VL e _e/d  _ Data Source o
e 1355 378/3%7 0% 1875 ,316 1,285  A.P.G. A6722 ®

30 1780 353 o~ isLk 318 1,29, A.P.G, AG722

L300 11m5 0 173/337 0 0% 3g67 L3319 1,297 A.P.G, A6722

L0 1155 363382 0% 1909 3@ 1,301 A P.G. 4bh12

L, 13%E 349 c® 1896 .30 1,301 A.P,G. ARO1R .

e 17195 160/388 0% 1990 ° 320 1,301 A.P.G. AbBLTS
L 135F 0 3T%/32% 0O 192%  ,3°0 1,301 AP.G. AR1T7R
o 1195 3R4/77 0 0% 1892 .10 1,301 AP.G, AGLT8

; 1755 30/zeg 90 17es L2 1,706 0,0, LT0.5/ME3Y ®
e 13558 778 00 1275 W2 1,309  AP.G, AhT22
i) 1158 172 0° 1RT4 3R/ 1,321 A P.G. ART22
I S 231 0°  18%0 . 1,708 C.C. 470,5/1L3R9
ST E 353 0® 137 .38 1,383 0,0, L70.5/1:3%9
e, 1355 174 0° 1900 ,329 1,337 0.0, 170.5/1L389 *
L 1355 7or/age 0% P36 L3370 1,370 0.0, k70,.5/14389
e 1255 175 0° 2035 ,35% 1,415 0.0, L70,5/142%9
=0 107§ 33 0% 2177 .FPn LUSG ¥.a. T10/45F
0 s 3R/37s 0% P11l (3RC L.MES 0.0, LT0.5/14389 o
i 1285 203f17% 0 07 2019 (3 1,463  A,P,G, ARTOL .
L0 Ligs ewfigy 6® 2048 %03 1 U7E 0.0, -70,5/1L43%9
0 15 e n®  1geg 370 1,508 0,0, L70,5/14389
I L Tl 0% Z0BT  L370 1.%0E 0.0 L70.5/1L3<9 "‘
7 LR Y 52000 L3710 1.80L AP.G, AS09%
LT 13¢5 3=37/30c 0% 2782 37 1,504 A D,G. AS883
o 17 35u/ay ¢ 2036 L3700 1,512 0,0, bL70.5/14229
7 1355 an/3|r 0% "ALr L3720 1,512 L,0, L470,5/14389 ;
" LA - 7 T13h L3750 1.meh 0,0, L70.5/1L%89
\ L s 79 218 375 1,504 0.0, 470,5/1%389
138€ 359 0° C10r 375 1,508 0.0, Li70.5/14389
Ltae RLf17¢ 00 POTM L TTA 1,508 0,00 L70.5/14389
o L3RR 4% 0° 089 377 1,537 0,0, 470,5/14329 ®
Tane 31 20 "1y ot7e 1.RRl 0,8, R70,5/1k39%9 |
L 710 29 21o0® LU0 1,8ks 0. L70,5/1k389
»
|
t. ® ® ® ® [ ) o o ® ® o ® L J o ] ® ®
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sovendix B, Tasle IV (Cowtln)
)
cua, z/a? __ w6 YL _e _eld _ Data Sourge _ |
0 1384 367 0° 2182  ,3¢H 1,545 0.0, 470,5/1L389
30 1185 778/788 0 07 2170 ,3¥0 1,545 0.0, 470.5/14389
0 118R 15F 0 21k L9 1,805 0.0, k70.%/1%329 )
o 30 1355 365/175 0% 2090 38 1,545  4.P.G, 4623k
.70 1785 15L 0° Pouz 332 1,553 0,0, L70,5/1Lkz99

.20 11/ wLf375 0% 2075 222 1,553 0.0, 470.5/1L4329
, 30 1155 382/307 9% 2oy 384 1,R61 0,0, 470,5/143%9
.30 17355 349 0° 2027 .38 1,577 0,0, 470.5/1438% ’
J30 13855 375/387 0% 2172 394 1,602 0.0, L470,5/1L389
L300 13§ 2R3/Ig2 0°  21Lk7  ,396 1,610 0,0, LT0,5/1u389

50 1775 3.3 0% 2118 ,750 1,750  W.A, 710/us6
.50 1275 278 0 2272 ,750 1,750  W.A. 710/u56 )
LB0 1765 775 0® 2u3g  Lugh 1,976 0.0, 170.5/14389

50 1275  163/3%¢ 0% 2513 ,RR> 1,988 0,0, L470,5/14389 .
LI i385 378/388  0° 2490 ,L%0 1,992 0,0, 470,5/14389 :

i) 1275 36 0° 24k3  ,858 2,002 0,0, L4L70.5/1L4389 j
.20 1155 6L 0° 2klg L4931 2,004 0,0, 470,5/14389 )
30 1355 275 0° 2561 W9: 2,008 0.0. L70,5/14389 L

S0 1875 352/3¢3 0% 2333 863 2,01k 0,0, «70.5/14389
.0 1355 3f275 0% pmp7 L96 2,016 0,0. L70.5/14389

P UL

. T 1355 375/788 0% 2567 LMY 2,016 L.0. 470.5/14389 )
: 50 127% w2/ R 00 2635 LgAM 2,016 C.0. L70,5/14389 3
i L0 115 130 oF 253 k98,024 0,C. L70.5/14339
: 1, 118s 375/387  0°  2hRe LU0z 2,024 0, 1. L70,5/14389
;5 20 13405 175 ¢ 2m02  ,49Zz  2,0¢L ¢,0, k70,.5/14389 )
| A0 107" Tuifas 0° 25319 L#E2 2,006 0,0, L70,5/14349 3
o0 1075 -3 ° 2827  .f70 2,030 0,0, 470,%/1L389
L0 178 ws/331 0 0% 2ukg 500 2,033 0.0, L70.5/1u189
o L0 L3R 170 0% 2uhy o ent 2,073 0.0, L70.5/143393 )
A L L 0° 080k L300 2,033 0,0, 470.5/11389
s Laes T ® 2803 .50 2,073 0.0, L70.5/1k289
o 17 364 Y 2R3 g7l 2,031 0,0, :70,5/1L339
° ® A 1275 360 c® oLy R7E 7,035 0,0, 470.5/14389 )
S5 led® 175/393 0 00 2he 872 2,035 0,0, L70,5/14389
) 135 700 0%  ~u7h 800 2,041 0.0 L70.5/14369




Apceniix B, TA3LT IV (CONT'D)
-1, mfa7 om0 e V1 e efd_ _ Data Source _

.30 1356 3t3/igz 0% 2sok 502 2,041 0,0, L70.5/1L4389
.30 1755 375/387 0% 2880 ,s0u4 2,049 0,0, L470.5/14339
» 20 1756 3L1/37n 0% esel ,moum 2,049 0,0, 470.5/14329

(o)

230 1155 363388 0% 2559 50 2,049 0.0, L470.5/14389
(50 1275 375/%37 0% 2855k 878 2,089 0,0, L70,5/1u4389
,50 1275 363/32¢ 0% 2538 &0 2,054 0,0, 470,5/14389
50 1275 3R2/3%3 0% 2596 280 2,054 0,0, 170.5/1u3E9

.50 107F 354 c® 2s50n 884 2,063 0,0, L70,5/14389
S50 L1875 363/188 0% 236 358 2,072 0.0. 470.5/14389
ST 1355 Wi 0% 2h37 10 2,073 0.0, HT0.5/u634

.5C 1275 375/387 0% 2R6T 830 2,077 0,0, 470,5/1u438Y
» 10 1756 175/382 QY 2%7: ,515 2,093 0,0, 470,5/4G3Y

.50 1775 263/388 0% 2L95 .22 2,036 0,0, 470.5/1%389
s 12785 17R/3e7 0% 257 200 2,100 0,0, 470.5/1k389

L 1355 1873 n® 2867 .51% 2,106 0,0, L70,5/u63Y
.10 178§ 375 0° 2879 .52  2.ild  AP.G, A55u8

230 1368 372/388 0% oYz 520 2,114 A P.G. AGALS
5o 1875 38/ 07 2827 922 2,152 0,0, L70.5/14389
00 1355 352 0 2547  .53C 2,154 A.P,G, Ab6L2

v W

S




Avpendix B, TABLE V

T o T e

Summary of Lethal Limits (VL) of Rolled Homogeneous Armar

of

Bardness BEN 386 o 425 Fired at 0° Obliguity

- Cal, m/d3 __BEN _
},'- .50 1275  388/401
p- 50 1275 388/Lol
g .50 1275  4o2/u18

- 50 1275  38g/Lol
‘ Gﬂ .50 1275  381/402

L .50 1275  388/L01
° .50 1275  388/Lol
' 50 1275 4ol

o .30 1355  388/Lol

« L0 1275  Lol/uls

N 50 1275 L1
b .50 1275 115
. ‘3 ' .50 1275 ho2/u1g

. 50 1275 401

B +50 1275 382/401
.iz .50 1275 418

- .50 1275 388/429

«50 1275 384
50 1275 ho2/u1E

'Y 230 1355 188

| 30 1355 375/k01
.30 1355 388/lol
| .30 1355 388/k0l

° .30 1355 388/401
: .30 1355 388
& .30 1355  388/L0l
‘ = 30 1355 Lol
@ ° «30 1355 Lo1
t 230 1355 363/k01
- .30 1355 363/u01
[ .30 1355 388/ho1

® ] ® o ® ® ®

..
0°

vy
1326
1190
1187

1365
1295
1287

1380
1356
1309
1325
1294
1315
1386
1302
1388
1188

1327

1209
3m
14k

1379
1406

1393

1350
1414
1406
1406
1406
1401

1313
11466

—e
.30
.31
31

.31
31
.31
o313
<313
.18
.31k
<314
<317
+318
.18
320
. 322
«323
324
325

* 19

.19
/19

’ u19

.19
.19
019
.19
.19
.20
.20

.20

-o/a
. 700
° 123
e 723
«723
e 723
. 723

T30

+ 130
132
e 133
<733
.0
ST
T
JTHT
751
TSk
756
o758
772
o772
o172

R &

772
772
. 772
o772
o772
.813

.813
813

Data Source
AJP,G, ABTLS

A.P.G. A5975
0.0, 470,5/14389

A.P.G, AB1T7
0.0, 470.%5/14389
AP0, AGLT9

A PG, AS95T
AP.G, A5982
AP,G, AG3US
0,0, 470.5/14389
0.0, 470,5/14383
0.0, 470,5/14389
0.0, 470.5/14389
0,0. 1470.5/14389
0.0, 470,5/14389
0,0, 470,%/14389
0.0, 470,5/14389
A.P.G, A6T22
0.0, 470.5/14389
A.P.G, A6338
A,P.G, A6338
A.P.G, AB3U5
AP.G, AG3U6
A.P.G. A6580
A.P.G, A6580
4,P,G,A6580
A.P.G, A6580
AP.G, A6580
A.P,G, AS180

A.P,G, AP181
AP.G, AG1E2

-
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Appendix B, TABLE V (CUNT'D)

Cal, m/d3 BEN
.30 1355 Lis/us
J100 1355 M15/4s
.30 1355  L1s/u15
» 50 1275  Loi/1s
.50 1275 %ol
56 1275 327
RO 1275 Lo2
PO 1275 Lo?
. 50 1275 388/h01
50 275  388/h01
.50 1275 393/h01
R0 1275 401
, 50 1275 388/L01
.50 1275 387
.50 1275 Lo2
. K0 1275 Lo2
<50 1275 287/418
- 50 1275  kLo2/W30
.50 1275 k15
<50 1275 387/4%02
.50 1275  3e7/429
.80 1275  uo1/u1s
.50 1275  387/418
L 50 1275 415
. B0 1278 328
<59 1275 394
50 1275 83/Lo1
HC 1275  388/L15
- 50 1275 402/418
50 1275 3gR/LlA
RO 1275 415
LB0 1775 388/ul5
.50 1275 hp2/lig
550 1275 388/L01

n
17h5
1375
1402
1328
130K
1460

. 1kes

1467
1471
1357
1Lo7
1497
1510
1541
1421
1469
1432
1332
1500
1533
1467
L4y
1503
1318
152L
1528
1512
1415
1541
1529
1406
1481
1367
1Lg9

.36
.36
037
e 37
.17
.37
.37
.37
2372
L34
376
.376
V377
378
. 380
2 380
.38
.38
.38
.33
o 384
o, 18U
,1%6
. 386
. 382
« 382

Data Source
AP.G, ARO9T
A.P.G. AGO9T
AP.G. A6097
0.0. 470.5/14389
0.0, 470.5/14339
AP.G, AGB16

AP.G, AGABT
AP.G, AGHET
A P.G, ASH1D
A.P.G. A6OLS
0.0. 470,5/14389
4.P.G, A6337
A.P.G, 46701
A.P,G, AB616
AP.G, A66EY
A.P.G, AG68T
0.0, 470,5/14389
C.0. 470,5/14389
W.A. 710/U56
0.0. L470,5/14389
0,0, 470,5/14389
0.0, L470,5/14389
0.0. 470.5/14339
0.0. 470,5/14389
AP,G, AHbUE
AP.G, ABOU1
A.P.G, AB227
AP, G, AFF12
0.0, 470.5/14389
0,0, 470,5/14389
0,0, 470,5/14389
0.0, 470.5/1L389
0.0, L70.,5/1u3%0
0.0, 170.5/14389

I. v, "
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Appendix B, TABLI V (CONT'D)
Cal, m/dl BHN 8. L. _ e _sala_ Data Source -
50 1275 188 0° 1532 .39 .910 A,P,G, 46553 '
o RO 1275 38a/401 0% 1887 .39 0910 A.P.G, A6521 ‘
.50 1275  387/%02 0% 18540 ,39 2910 A,P,G, A6KT8
50 1275 Lo2 0° 18546 ,39 2910 A P.G, AGT1IR
.50 1275 387/418  0° 1807 .39 »920 0.0, 470,5/14329 )
50 1275 388/ho1 0° 1819 ,395 .924 0,0, 470.5/14389 o
.50 1275 Lol 0° 1542 ,396  .924 0.0. k70.5/14389 o
.50 1275 Lol 0° 1870  ,396 .92 0,0, 470.5/14389 -
5012 @7 0% 1599 k0O 933 0.0, 470.5/14389 ‘
30 1355 188/s 0® 1673 oY .976 A.P.G. AGLLC 4
LG 1385 r785/h01 0% 1885 Lok .976 A.P.G, A6612
.30 1355  338/Lo1  0° 1705 .25 1,016 A,P.G, ABUSL
, 20 1275 Lol o® 1731 .25 1,016 A,P.G. 46239
.20 1755 8g/upl 0% 1667 .25 1,016 A,P.G, A65%0 )
o 30 13185 415 0° 1613 256 1,040 0,0, 470.5/14389 , ﬂ
36 135R L22 0° 1578 .27 1,098 A.P.G, A6767 VL
30 1355 3gE/kol 0°  1E7% .27  1.098 A.P.G. AGLOB "
30 138% Lol 0° 17,27 1,098 &.P.G. AGT1H .
.30 1385 3gs/lol ® 1810 ,27 1,098 A.P.G, 46176 "
.50 1275 791 0% 1g2g 486 1,134 0,0, 470,5/14389 -
L300 1385 188 0° 1792 .28 1,138 A,P.G, AB280 S
230 1155 188 0° 179k .28 1,138 A,P.G, A6281
.30 1355 383/Lol ©° 1818 .28 1,138 A.P.G. A6639 (N
220 1355 388 0° 1756 .28 1,138 A P.G, 46639 )
.10 1355  38&/LC1 0° 1815 P8 1,138 A.P,G. 45959 ]
. 20 1255 363fuol € 1709 L% 1,138 A,P.G. AR9EO j
W IC 1355 397 0° 183,280 1,138 4A.P.G. AC090 o
.30 1355 385 0?  18% 280 1,138 A,P,G, AF139 LI
230 1355 194 0% 1791  ,2%0 1,138 A.P.G, A61NO _—
50 1275 1R 0° 1844 496 1,158 0.0, 470,5/14389 =
S50 1275 338/ul5  0° 1633 498 1,162 V.0, L470.5/14389 _
50 1278 11K 0° 1522 500 1,167 W.A, J10/usE y
.50 1275 L2 c® 1833 ,500 1,167 0.0, L70.5/1L,89 S
.50 1275 139 oY 1822  ,500 1,167 0,0. 470.5/14389
50 107 Le2 ©T1g31 80k 1,176 0.0, 470,.5/14389 ;

RINE N . . . . . . L.
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Appendix B, TABLE V (COMT'D)

Cal, mfdr SHEN 0 VL e e/d Data Source
50 1275 188 c® 1849 504 1,176 0.0, 470,5/1L389
.50 1275 38Y 0° 1772 .506 1,181 0.0, 470,5/14389
.50 1275  2&3/401 0°  18K4 506 1,181 0,0, L70.5/14389
50 1275 387 0° 1853 506 1,181 0,0, 470.%/14389
50 1275 415 0° 180  .506 1,181 0,0, 470,%5/14389
.50 1275 387/Ll1s  0° 1773 .507 1,183 0.0, 470,5/14389
.30 1275 418 0% 17m7 .510 1,190 0.0, L470.%5/14389-
.50 1275  hWCl/u1ls 0% 1810 .510  1.190 0.0, 470,.5/4634
.56 1275 Lol 0° 1886  ,510 1,190 0,0, 470.5/463L
.50 1275  387/L1g 0%  18uh .510 1,190 0.0, 470.5/14389
50 1275 388/L1s  0° 1868 .52 1.214 A P,G. A6612
30 1355 388/k01 0%  18%9 .30 .1,219 A,P,G, A6639
.30 1355  382/L01 oY 1855 .30 1,219 A,P,G, A6T15
° .30 1355  3838/h01 0% 1912 .31 1,260  AP.G, A5957
1 .30 1355 ko2/u1g 0° 2084 .31 1,260 0.0, 470.5/14389
s .30 1355  383/L01 0° 1918 .31 1,260  A.P.G, ARLTY
o 230 1355 381/Lo2  0° 1963 .31 1,260 0.0, 470.5/14389
e 30 1355 388/u0r  ¢° 1876 .31 1.260 A.P.G. A6179
.%ff ] .30 1355  388/Lo1 0% 1938  ,313 1,272 A.P.G. A5957
- .30 138§ 401 0° 1973 .313 1,272 A,P,G, A5982
S 230 1355 kol/b1s  0° 1991 314 1,276 0.0, 470,5/14389
- L300 1355 115 0° 1953 .3k 1,276 0.0, 470.5/1L389
o] 0 1155 401 0° 1893  .315 1,280 A.P.G. A6T22
' 0 1355 L1 0° 1950  ,317 1,289 0,0. 470.5/14389
L300 1385 Lp2/L18 0% 2141 (3% 1,293 0,0, 470.5/14389
.30 1388 Lol 0° 2018 . ,318 1,293 0,0. 470.5/14389
° .30 1355 boiflls o° 197 (318 1,293 0,0, 470.5/14389
0 1355 LO1 0° 196k .32 1,301 A.P.G. AAL78
30 1355 388/u01 0% 1951 .3 1,301 0.0. 470,5/14389
30 1355 418 0° 1995 .32 1,309 0.0. 470.5A4389
° .30 1355 38a/leg 0° 2085 .323 1,313 0,0, u470.5/14389
.30 1155 138 0° 1902 .324 1,317 AP.G, AB722
, 30 1355  Lo2/u1&  0° 1985 325 1,321 0,0, 470.5/14389
« 30 1355 LOl/kls 0% 1991 +335 1,362 0,0, 470.5/14389

N T T T .
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Appendix B, TABLE V (CORT'D)
Cel. m/d) BHN K:) VL, e a/d Data Source
50 1275 409 0° 2024 .625 1,458 W.A. 710/456 'y
.50 1275 415 0° 1999  .625 1.458  W.A. T10/u56 f
.30 1355 401 0° 2056 ,359 1,459 0.0. 470.5/14389
: .30 1355 387 0° 2099 .36 1,463  A.P.G. 46616
- .30 1355 Lo2 0° 2097 .36 1,463 A,P.G, A6687 o
' .30 1355 402 0° 2151 ,36  1.463  A.P.G, A6687 -.
.30 1355  388/M01  0° 2100 .36 1,463  A.P,G, A6410 o
.30 1355  388/Lol  0° 2100 .36 1,463  A.P,G. AGONS o
: ,30 1356 393/uor 0% 2105 ,L37  1.,504% 0.0, 470.5/14389 e
1 € .30 1355 401 0° 2156 ,37  1.504% A.P.G, 46337 o

.30 1355 388/h01 0° 2222 37 1,504 A,P.G, A670L
.30 1355 387 0° 2104 ,37 1,508 A P.G, A6616
.30 1355 402 0° 2137 .37 1,504 A,P,G, A6GET
e .30 1385 ko2 0° 2104 .37  1.504 A.P.G, AGGPT ®
.30 1355 387/l8  0° 2277 .372 1,512 0,0, 470.5/14389 o
.30 1385 Loz2/uzp 0% 2142 374  1.520 0.0, 470,5/14389
.30 13556 387/402 0° 2182 ,376 1,528 0.0. 470.5/14389

(- .30 1355  388/429 0° 2212 377 1,533 0.0, 470.5/14389 R
.30 1355 hor/uis 0% 2231 ,378 1,536 0.0, 470,5/143%89 -
.30 1355 415 0° 2210 .38 1,545 0,0, 470,5/14389
- .30 1355  387/418  0° 2100 ,380 1,545 0,0, 470.5/1u4389
¥e .30 1355 388 0° 2082 ,38 1,545 A,P,G. AG6US .

.30 1355 39k 0°° 2153 .38 1,545 A.P.G, A60LL
30 1355  388/hol  0° 2234 .38 1.545 A.P.G. A6227
.30 1355 388/415 0° 211 .38 1.546 AP.G, A6612
.30 1355 4o2/u1g 0° 2158 384 1,561 0,0. 470.5/14339
30 1355  328/415 00 2135 384 1,561 ©.0. 470,5/14389
.30 1355 415 0% 2235 .38 1,569 0.0, 470.5/1u4389
.30 1355  388/L15 0° 2235 386 1,569 0.0. L70.5/1L389
.30 13%5  ho2/u1ig8 0% 2131 388 1,577 0.0. 470.%/1k4389

{ ‘ .30 1155  38g/4wor 0% 2117 ,388 1,577 0.0, L70.5/1u4389 o
.30 1355 188 0° 2129 .39 1.585 A.P,G. A6553
.30 1355 388/bo1 0 2262 ,39 1,585 AP.G, A6521

. ° °




Avpendix B, TABL® V (CONT!D)

Cal, mfdJ BN
.30 1155  387/k02
.30 1355  387/L18
.30 1355 402
.30 1355  388/L401
.30 1355 401
.30 1355 401
.20 1355 387
.50 1275 388
.50 1275 388
+50 1275 388
.30 1355 391
.30 1155 388
.50 1275 387
.50 1275 419
.30 13585 415
.30 1355 38C
.30 1356  388/L15
.50 1275 422
.50 1275  387/Lo2
.50 1275  363/LhLy
50 1275 363/ulL
.30 1355 402
. 30 1355 38¢
.50 1275 387
.H0 1275 Yef
.50 1275 Lis
.50 1275 L13
.50 1275  Loz/u1s8
.50 2275 388
.50 1275 387/h02
© .50 1275 394
.30 1355 uo2
» 30 1355 388
.50 1275 387/u1g
.30 1355 38k
.30 1355  388/401

Deta Source

VL e efd

2153 .39 1.5%5
2136 .35 1,585
2135 .39 1,585
2123  ,396 1.610
2229  ,396 1.610
2328  ,396 1,610
2326  ,L00  1.626
234k 782 1,731
2318 .750 1.750
2263 ,750 1,750
2541 486 1,976
2491  ,u88 1,984
25L5  B52 ‘1,988
2624 864 2,016
26b0 496 2,016
2557 496 2,016
2683 498 2,024
2669 .88 2,026
2630 .868 2,026
26k9 870 2,030
2553  .870 2,030
2559 ,500 2,032
2K06  ,500 2,032
2572 .371 2,033
2679 .872 2,075
2588 RT3 2,037
271k - 874 2,040
2560 .875 2,012
2622 876 2,04k
2603 876 2,0y
2640  ,876 2,049
2547 504 2,049
2498 .50k 2,049
€798 ,880 2,084
2usk 8506 2,087
2503 .06  2,0h7

® @ L ]

AP.G, A66TS

0.0, 470.5/14289

A.P.G, A6TLE

0.0. 470.5/14389

0.0, L470.5/14389

0.0. 470,5/14389 y
0.0, L470.5/1k389 W
AP.G. A6010 ;
W.A. T10/u450

W.A. T10/u56

0.0. L70.5/14389

A.P.G, AbbL2

0.0, 470.5/14189

0.0. L70.5/1kL389

0.0. 470.5/14389

0.0. 470.5/1L389

0.0. 470.5/14%9

0.0, 470.5/14389

0.0. L70.5/114389

0.0. 470.5/14339

0.0, 470.%5/14389

0.0. 470.5/1L389

0.0. 470.5/1L389 '
0.0, b70.5/1L789

0.0. k70.5/14389

0.0. L70.5/1k4389

0.0, 470.5/14329 -
0.0, 470.5/14389

0.0. L70.5/1L4389

0.0, 470.5/14389

0.0. 470.5/1L329

0.0. L470.5/1u4389

0.0, L70.5/1.389

0,0. L70.5/14339

0.0. 470,5/14149

0.0. L70.5/1L43g9

P L P .



Appendix B, TARLE V (COMT'D)

Cel, mfd3 RHN
30 1355 387
L300 1355 41§
.30 1355  375/415
«BC 1275 L1%
70 1355 L18
20 1355  Lo1/l1s
.30 1355 401
L300 1355 387/u418
) 1275 385/Lol
.50 1275 L3g

8.
OO
00
OO
OO
OO
OO

VL, e e/d Date Source
2u78 506 2,057 0.0, L70.5/1L359
25387  .506 2.057 0,0, L470.5/14389
2654  .507 2,061 0:0. 470.5/14339
2584  ,887 2.070 0.,0. L470.5/14389
2568 .50 2,073 0.0. 470.5/1L389
2615 .510 2.073 0.0, 470.5/4634
2656 ,510 2.073 0.0, 470.5/4634
2652  .510 2.073 0.0. L70.5/14389
2519 ,906 2,114 0,0. 470.5/1L389
2605 ,908 2,119 0,0. L70.5/14389




Aopendix B, TABLE Vi

Sumnary of Lethal Limites (VL) of Rolled Homogensous Armor

Herdness Greater Than BHN 425 Fired at 0° Oblicuity

Cal, n;[dB LN
50 1275 Ll
.50 1275 Lyl
+50 1275 L6H1
.50 175 4r1
R0 1275 up9
50 1275 429
50 1275 AN
.30 1355 Luy
.50 1275 Lhl
.30 13856 Lys/ulh
.30 1365 b1g Ll
L70 v 135K ulR /bl
.70 1285 U15/)ky
Nalo) 1075 29
.H0 1275 Lighy
.50 1275 Yo
.50 1275 Lls/ukl
.50 1275 429
RO 1275 LZg
<50 1275 429
A0 1275 Llib
L0 135K Yisk
20 135k N
.30 1355 uel
.30 1355 Ll
300 1398 kg
013 9
49 1344 Lk
3¢ 135% Ll

‘0 135k Li g
20 1355 Lk

L
1286
1335
1202
1289
1311
1275
1310
1391
1189
1643
1495

153U

1597
1373
1432
1375
1723
1655
17k
1780
1755
1984
1487
1927
1933
1930

1996
1966

£030
7192
2rl.7

.
.306
. 306
.308
L312
<31h
.318
. 328
.16

L3kl
.26

.20

.20

<0

. 380
. 380
.390
Jugl
. 496
.500
.500
.510
. 306
.306
. 308
312
L1k
. 518
. 328

.3kl
. 380
. 780

_efd
.71k
LTk
.719
.728
.733
JJu2
.765
772
.796
.813
813
.813
.813
.287
.5287
.910

1,153
1.158

1.167
1.167
1,190
1,244
1.2kL
1,252
1,268
1.276
1.293
1.333
1.386
1,545
1,555

Data Source

0.0, k70,
0.0, 70,
0.0, k470,
0.0, k70.
0.0. 470,
0.0. k70,
C.0, L70.

5/14389
5/1L339
5/14389
5/14% 9
5/14389
5/14339
5/14389

AP.G, A6538

0.0. 470,

5/1L389

A.P G, A6097
A.P, G, A6097
AP,G, ARLL2
A.P.G, ABUY2

0.0. 470.
0.0. .70,
0.0, .70,
0.0. :70.
0.0. L70.
0.0. L70.
0.0. L70.
0.0. 470,
0.0. L70.
0,0, L70.
0.0, k70,
0.0, L70.
C.C. 470,
0.0, 470,
.5/1¢389
0.0, h7C.
6.0. .70,
0.0, k70,

0.C, k70

5/14389
5/14389
5/14%E 9
5/14389
5/14389
5/1L389
5/1:389
5/1u3g9
5/1L% 9
5/143€9
5/ 14389
5/163¢9
5/1L389
5/1L 3¢9

5/113°9
5/1L329
5/14249




Cal, m/d3

.30 135h

20 13R5

30 1355

. o 30 1355
- 10 1355
o .50 1275

. LBG 1P7R

g ¢ L0 155

Avvendix B, TABLZ VI (COIF'D)

. BHE
Lyly
415/LuY
Loy
429
L;>9
429
4rg
Lk

L
2167
2632
2663
2752
2669
2568
2E&L

2702

8
-390
.94
L4396
.500
. 500
820
+ 838
.510

—e/d
1,525
2,008
2,016
2.033
2,033
2,05k
2.07¢
2,073

Dats Source

0.0,
0.0.
0,0,
c.C,
0.0,
0.0,
0.0,

.0,

+70.5/1L389
1170, 5/1k389
L70.5/14389
470.5/14389
470.5/14389
L70.5/14389
br0.5/1k %9
470.5/148 9

D S . . T T T
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Anmendix B, TABLL VII

Surinry of ILethsl Limits (VL) nf Rolled Jomogeneous Armor

of
Hardness Greater Than BHAN 306 to 3i5 Fired at 30° Obliquity

Col, m/dd BHN 8 vy, e e/d Data Source
50 1275 332/30 30° 1208 .312  .728  A.P.G. AGLT9

50 1275 313 30° 133,313  ,730 A.P.G. A5982

S50 1275 340 30° 1319 .315  ,735 0.0. 470.5/1L389
501275 301 307 1215 316 .737  A.F.G. 46722

LI0 13R85 341 30°  1L59 .19 L772  A.P,G, A6538

.50 1275 30 200 1331 L1333 777 A.P.G, AGT22

.50 1275 24 30° 1365 .34 .79%  AP.G. AG722

.30 135% L3 30° 2031 .26 1.057 A.P.G, Ab095

L0 135 3027121 309 1831 .27 1,098 A.P.G, AS3T9
.50 1275 %wlf33 3 2807 L3 1.,1kL A,P,G, AGOL5

) 1075 740 00 2oh2 80 L1167 A P.G. AFO95
L50 1978 1 30° 238 .B5N9  1.1%8 0,0, h70,5/143%9
.50 1075 721 0 2390 ,510  1.190 0,0, L70,5/1L38G
RO 118E 213 70°  PL9r 213 1,°72  AP.G, AR982
.30 1358 3LQ 310 2259 .31 1,290 0,0, L70,R[1Lz£9
.20 11255 2] 0% 20202 ,11h 1,285  AP.G, ARTCR2
.20 1755 1] 0% 287H LTl 1,792 A PG, AF722

° ° ° ° ° ° ° ] L] ® g i

P S L Sy W SRSt




Appahdix B' TA_B,_:: VIII

Summ: vy of Lethel Limits (VL) nf Rolled Homogeneong Armor

of
U-piness Greoater Than BN I to 785 Fired at 30° Obliguity

Cal,  m/d3 BHN o L e —e/d _Data Source

e01e7R 7R/ 30®  13wg 302,705 0.0. L70.5/143%9
, B0 157w t7R/ e 200 1703 J112 ., 7°8% AP.G, AEL179
.70 1.°7% 60 00 1r12 L1 708 A.P.0, AF179
L A0 107R 28D 200 1790 313,770 A.P.G., 45957
70 1A% i 2 20¢ 1388 ,18 L7132 AP.G. ALKOU
.30 175K 73 00 1410 1R . 13¢ AP G, ADSOL

b0 L= 78/ 70© 1740 1Lk 733 A.P.G. A5982
Y TR 3357 309 1LeR 11k 735 A.P,G, ABT22

VR0 1075 37 0°  1%ig 218, 7ke AP.G, AbT722
R0 LE7n 0 378/377 0 % 1279 .19, Thk LP.G. aeTel
.50 175 349 700 11k 320 ,7M7 AP.G, AGE1C
50 178 1.0/39e 0% 1658 .20 LT4T ALP.G. AFLTS
R wTh 378/ 09 1309 (300 747 AP.G. ARLTS8

NG 10TA 3 /37a 00 1WBT L3200 JTET AGPLG. AS1TE
N e w3/ 0% 1180 L1 L 749 0.0. w70.5/u034

¥ i o i " 1hoh L2 TRl AP G, ALT22
S0 eTh ihe 0O 1399 w8 TR AP.G. AGT22

SC L T 7451 W7 el LR 761 L0, L70,5/1keg
LTS T W NTe R TR 0,0, B70.8/14329
Tho 07 1 L9 JTRR 0,0, 170516509

e rTen /ey ) 1me® (19 L7770 ALPLG. ALT0)

i 1186 3-7/L01 30Y 1790 19 70 AP, AETOL
00 10 ENWRUNE 7 0 j e .11 LT 0,0, L?O.r;/lh'g’»‘.g
Y 1 LEETAR S ta NS I M & A S 0.0, L70,8/1k379
e NAN s 43(10 ](i i Lt .gf‘l O.(). ),70.;7/1)‘3)59
, 107 /g RICANS RO GO ¢ 20 6.0, L70,R/1L32G
) 1078 w3/ " lier - L BLC AF.G. APT701
U 1e7s O ) LS L S 4 0.0, L70.%/14329
)
[ [} ° ) ° ® ° [ ° ° ° ° ° °

- W, W, ™, T T AT w

-
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' Apvendix B, TASLE VIII (Z .7m'D)
. Cal, mfal BEN & VL e _efd Dats Source .'
_‘-" Y 1075 360 20° 1508 L3170 83 0,0, L70,5/1i3%9
‘ 50 1075 3kl 30 1756 L3370 86T 0.6, u70,5/14389
.50 1078 347 300 139,370 .B5T  AE.G, AS095
2501275 3A3/328¢ 0O 1TIL 37 .83 A,P.3. ARKF3
.70 Lh7s 0 38L/3n 309 1901 372 4% 0.0, 170,5/14189 »
e .50 75 ruo/i/1 0 30° 1310 L3170 LB68 0,0, 170.5/14779 o
' GO 1878 303 30° 173® (375 (875 0.0, 470.5/14339 X
RO LETR k300 10k 97s 875 0.0, 470,5/14389 .
i 1074 350 0° 175 37¢ 877 C€.0. 470,5/14389 R
i‘? e 1275 304/375  30°  1mla (375 877  0.0. 470,5/14339 ’
.50 1275 3.3 30 1298 378 .882 0.0, 1470.5/14349
.50 1075 163 2% 1791 L3379 884 G,0. 470,.5/113 39
50 LETs 350 300 16b2 380 BT 0.0, 1470.5/14389 |
NS 167 30° 1827 ,38C  LBR7T 0.0, 470.5/147%9 » |
i R0 1ETy AT3/ a5 507 1780 L3200 1887 0.0. L70.5/1L139
L BU 1275 25¢ 30° 1682 380 LBB7 0,0, 470,5/1L3¢9
- 2 10T /275 30° 1892 38 .B37  AP.G. A6236
- 1775 wy 30° 1807 .382  .391  0,0. L470.5/14789
G 0TS 3L/375 W00 179 38T 89% 0.0, 470.5/14329 P
ST 3/ 309 1635 48k 896 0.0, 470,5/14389 o
LG 177 3473 09 1705 328 .905 0,0, 470,5/1k4339 e
S RPTR TI0/1T 300 1852 3ys 919 0,0, 470.5/1k389 o
- .70 1z2Rr L 0% 18Ly L2y .992  A.P.G. AFL99 j'“
®. L3C 17es 201 0% 191 .25 1,016 A.P.G. A6592 '
R 126F 175 5% fePu P51 1,000 ALP.G. AS60 9 1
S LRER O RTR/RER i ruI5 07 1,09% AR5, AGT15
Y L S ok 7 50 T 1,138 A.P.G. A6T1S _ J
° e y1ee 37 7 0 2% 1,13®  A,P.G. ARYES 4
‘ U IETR 3T/ mE 00 Lu17 w 1,1in 6,0, 470.5/1L379 C
- 107 T 0 LP7T 497 1,151 C.0, L70.8/14389
0 e 17¢ 07 ETET kgL 1,183 0.6, L70.5/1L1%9
e 1o7e v rfage 50 0T 1R e, a70.5/1k182g b
o - VU RS % v 496 1,168 6,0, h70.5/1L729
° .
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Appsndix B, TAB'E VIII (CUNT'D)

Cel, mfdl BHN o L e _eld Data Source _
50 1078 380 30° 2339 498 1,162 0,0, 470.5/14389 ,
500 1675 31%/387 30° 2345 498 1,162 0.0, 470.%5/1L389

50 1275 375 30°  2l49 498 1,162 0.0. 470,5/14389

.50 1275 367 209 2096 .50 1,167 0.0. L470.5/14389

.50 1275 340/3851  30° 2394 ,500 1,167 0.0. 470.5/1k389 i
.50 1275 172 30° 2271 .500 1.167 0,0, 470.5/14389
50 1278 pIan 30° 2302 ,500 1,167 0.0, 470.5/14389
.50 1275 36l 30° 2478 .502 1,172  0.0. 470,%/14389
R0 1275 363/388  30°  2uRg 502 1.172 0,0, b70.5/143%9
501275 375/387 300 2W23 50k 1,176 0,0, %70.5/14389
J50 1275 3k1/375  30° 2495 504 1,176  0.0. ¥70.5/14389
R0 1275 3F3/288 0% 2365 504 1,176 0,0, 470,5/14339
.30 1355  363/38% 307 2467 .29 1,179 A.P.G, ABR1Y

.20 1375 363/388  20° 2104 .29 1,179 A.P.G, AGTLS »
L300 1355 3R3/338 300 2362 .29 1,179 A.P.G. A6L98
.30 1355 375/388  30° 2283 .29 1,179 A.P.G. AGU9S
.50 1275 364 300 2276 ,510 1.190 0,0, 470.5/4634
.50 1275 375/388 30° 2365 .515 1.202 0.0. 470.5/4634
.50 1275 383 30° 22k ,518 1,209 0.0. L70.5/463L
.50 1275 375 20° 2234 %2 1,214 A,P,G. AKELR
.50 1275 378/388 30° 2428 ,520 1,214  A.P.G, A5648
.20 1355 375 300 2481 L, 30 1,220 A,P.G. 46671
.30 1355 375/388 30° 2651 ,302 1,228 0.0, 470.%/14389 o
.10 1355  375/38%  30° 2631 .312 1,268 A.P.G. A6179

.30 1255 3¢9 30° 2361 .312 1,268 A.P.G., AALT9

.30 1355 3e2 70° 2615 .313 1,272 AP.G. AR9ST - _
.30 1355  363/375%  30° 2237  .315 1,280 A, P.G, A6722 >
.30 1355 353 30° 2167  .318 1,293  A,P.G. ART22

-

.30 1355  375/387 30° 2400 .319 1,297 A.P.G., A6722

L .30 1355  33/388 309 2318 72 1,301  A,P.G. 6612
? . .30 13K5 3ug 30° 2177 .320 1,301 A,P.G, 6612 °
: L300 1385 30/333 30° - 2A7L L300 1,301 A.P.G, A6178 ‘
.30 1185 275/388  w0° 2651 .30 1,301 A P.G. AG178
.10 1755  3Auf375 30° 2ue2 .30 1,301  A.P.G, AS1T78
, L0 1358 33/3ew 30° 2070 .21 1,30 0,0, L70.5/Lf 4 :
K ° >
( |
; =
o [ ] ® ® ® ® L o o ] o ® o ® ® ® o 1

]

- .
. . e . L e c Lo e e D S




Anpendix B, TABLE VIII (CONT'D)

Col, m/d} SHN 8 VL o/d Data Source
.10 1355 375 30° 2358 ,322 1,309 A.P.G, A67°2
.30 1355 152 30° 2195 .35 1,321 A,P,G, AR722
.30 1355 351 30° 2083 ,326 1,325 0,0, 470.5/1u4389
.30 1355 358 20 2262  .328 1.333 0,0, 470.5/14389
.30 1355 375 20° 2Whg 329 1,337 0.0, 470.5/14389
30 1355 363/388  30° 2653 .3%7 1,370 0.0, 470,5/14389
L0 1355 375 30° 2553 .353 1,435 0.0, 470.5/1Lu89
L300 1385 363/375  30° 2546 ,3€0 1,436 0.0. 470.5/14389
.30 1355 363/37%  30° 256+ .36 1,463  A.P.G. A6701
.30 1355 303/388 30° 2594  .363 L.476  0,0. 470.5/14389
.30 1355 350 30° - 2242  .370 1.504 0.0. 470.5/1k389
.30 1355 361 309 2385 ,370 1,504 0.0, 470.5/14389
.30 1355 3.7 30° 2339  .370 1.50Lk  A.P.G., A6095
.20 1355  363/388  30° 268 .37 1.504 A.P,G, A5883
.20 1355  351/364  30° 2sk6 372 1,912 0.0, 470.5/14389
.30 1355 340/351  30° 2393 .372  1.512  0.0. 470.5/14389
.30 135% 763 30° 2666 L3375 1,524 0,0, 470.5/14389
.30 1355 38Y 309 2624 ,37% 1,524 0.0, 470.5/14389
.30 1355 350 30° 2595 .376 1,528 0.0, L70.5/1L389
L0 1355 3Gu/375  30°  2kwy 376 1,528 0,0, 470.5/1L389
.30 1355 3¢.3 709 2543 .37%  1.537 0.0, u470.5/1k389
.20 1755 363 300 2515  .379 1,541 0,0, 470.5/14389
.30 1355 350 30°  25A2  ,380 1,545 0,0, 470.5/1L389
.20 13%R 343 30° 2857 .380 1,545 0.0, U70.5/1u4329
3 1355 375/38%  30° 2593 ,380 1,55 0.0, U70.5/14389
.30 1355 356 30° 2425 ,3% 1.545 0,0, 470.5/14339
.30 1355 3A5/375 30° 2515 ,38 1,545  AP.%, AR236
.30 1355 364 30° 2823 .38 1,553 0.0, 470.5/14389
230 1355 364/375 20° 2597 .382 1,553 0.0. 470.5/1k389
.30 1355  352/3R3  30° 2379 .38% 1,561 0.0, L70.5/14389
.30 1355 39 30°  2h03  ,383 1,577 0.0. 470.5/14389
.30 1355  375/387 30° 2618 ,39% 1,602 0.0. 470,5/14389
.30 1355  363/388 30 2563 ,396 1,610 0.0, 470.5/14389
L] ® ® ® ® ® L J ® o




Appendix B, TANLE IX

Summncy of Lethal Iimits (VL) of Rolled ilomogeneois Armor

of '
Hnrdness Greater Tnan BN 385 tn 125 Fired at 300 ubliquity ’
Cel, mfdd BEN 9 L ° e/d _Data Source
) 1°7%  38z/uor 30 1230 31 .723 A P.G. AS95T7
L0 1875 bee/lag 300 1373 .10 ,723 0,0, 470,5/14339 b
L B0 1275 teeflol 7200 1kog L3 , 727 AP.G, ABLTT :
530 275 2g1f/ho2 70° 188k 310,727 0,0, 470.5/1L43%9
50 wrs wRflol 36° 12720 .31 T 4.P.G, AFLT9
L B0 1275 3g#flol 0° 12 313,730 A.P.G, ARORT
50 1275 LOL 300 1308 .33 ,730  AP.G. A5982 ’
.30 175 33%/401 0% 1379 ,1€ 732 AP G, AGZY4E
RO 1275 Lolfkls 09 179 314 733 0,0. u470,%/1L329
e L 100 1WE Rk 733 0,0, 470,5/1L389
A 75 401 ‘0°  0h L3150 ,735 AF.C, AET7Z22 »
50 178 418 0° 109,318, 7he 0.0, L70,%8/1k289
ey 1878 unl/ulR ToY 0 1R29 0 L7180 L ThR 0.0. i{70.5/1i.389
G 1075 0l VR T R ¥ ¥ - Y £t 0.0. :70.5/14389
.80 1675 uyCijuly 30° 1718 .318 ,7h2 0.0, u70,5/1L329
F0 HERA L0 o 1m0 L LTHT7 AP.G, ATLT8 .
= 1075 35 /401 307 183d L0 Tad 0.0, 470,5/14389
.50 1275 h18 309 143 02,751 €,0. U70.5/1:389
L5000 18T WS/ G LSy L nr o 7L 0,0, L70.5/1k38
i) e7h 8L % 1279 L WE L7586 AP.G, AETCR )
a0 12TR LGS/BIS w0 167h L,325  L75% 0.0, L70,5/14389 -
. <0 135k 7,45 0% 1519 (19 772 AP, G, AG3ZI8
) 1285 378/L01 0 09 1307 .19 . 772 AP.G, AR3R :
.70 11HR IFs/i01 ¢ 12100 .19 72 AP.G, ALLS -
e 13RA IELGL Y 1876 19 772 A.P,G, AR3UE f
L0 1155 18</101 3¢° 1495 19 172 AP, G, ARKZO
_ L0 13RR 188 ¢ 1w95 .19 T8 AR5, AR5B0
} 70 1385 382101 00 1§ 19,777 A.P.G. AGRE0
o S 17RE 401 00 1F8L 19,772 AP.G.. ARF30 3
: 1% 1766 Loy 00 13”7 19 L7172 AP.G. AR50 .
f 50 1078 01/h1s 0 09 1790 L rre 782 0.0, u70,5/1L3#Q
i
° ° '
t
3
1
° ° ° ° ° ® ° ° ® ° ° ° ° ) ° ° °
b
L, " L e e e oot R Py |




Arpendix B, TA3LE IX (CONT!D)

Cel. n/ad _ BN @ YL e._ _e/¢ _ Data Souwe
.30 1388 363/bol 30°  1hgg 20 .8l13 A P.G. A6180

L30 1355  363/hol 30°  1usk .20 .813 A,P.G, A6181

.30 1355  388/L01 309 1422 .20 .83  AP.G, AF182

.30 1355  uls/hls 302 1925 .20 .81%  A,P,G, ABGYT

,30 1355  L1s/415 302 1697 .20 .87  AP,G, AGO9T

L0 1355  41s/Lk1s  30°  18%% .20 .813  A,P.G, ARCIT

50 1275 401 30° 1648  ,350 838 0.0, 470.5/14389

50 1275 347 0% 1386  ,36 L840  A.P.G, ARRLG
50 127% 402 ¢? 1858 3% L840  A.P,G, A668BT
L850 127% Lp2 0% 1561 L36 840 A P.G, ARRET

.50 1275  38%/hoi 30 1697 .36 .BLO  A,P,G, AFL10
B0 1275 38%/Lol 309 1790 L 3£ .84  A.P,G, AAOLK
.50 1275 393/bor 30°  1%30  ,370 .83 0,0, L70.5/1u389

50 1275 Lo1 0% 1945 37 .B63  AP.G. 46337
.50 1275 3g8/u01  30° 1926 37 .863  A,P.G., A6TOL
050 1275 187 00 1362 37 °86%  AP,G, ABALH
) 1275 Lo2 30°  179% .37 .863  A,P.G, AGGST
.50 1278 Lp2 0% 2027 .37 o863 A P,G, A6687

e 1275 387/M18  30° 2202 372 .86%  0.0. L470.5/14339
L 1275 ko2/u30 30 - 1712 .37h .73 0.0, 470.5/14339
50 27< 7/ 0% 2019 (376 LBT7 0.0, 470.5/1k139
250 1275 3#xfl2g 20° 0050 ,377  .880 0.0, 470.5/1:339
RO 1275 LO1/M1S 30° 2038 ,378 882 0,0, 170.5/1L389
50 1275 387/M1& 30 ° 1798 380 887 0,0, 470,5/14329
.50 1275 L1s 3% 1746 ,320 .87 0.0, L70.5/1L389
.50 1275 35U 30° 1957 .38 .887 A.P.G, ARDI]

o OO 1275 i®2fhol 300 1989 38 +&37 A P.G. AG227

. 50 1275  3%8/415 30 1380 18 «BRT  A,P,G, AF"12

50 1275 ho2/ulg 30 ¢ 1995 .33L @96 0,0, 470,5/14329
5001275 388/L1S 3% 17RL (3% 896 0,0, 470.5/14329

e

- 5C 1275 L1s ?Oo 20n3 o 327 »901 0.0. u70, 5/11&339
2501275 3e8/l1s 0 30° 1975 3@k 901 0.0, 170,5/1k389
c‘)o 127’3 ’102/ul? 300 171,‘5 o}’»t_i °905 0000u70.6/1u3:’9

S 1eTA tfuol 0% 1697 328,605 0,0, 470.%/14389

-

'®
-
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Arpendix B, TAELL

IX (CoNT'D)

JEN o

e
1074
[

e .30 P
e 158y
A ) -

}bwl401 EU EESH
YL ¢ w 3
0 ‘,//' "’l’(J _‘( S“Q
R A Y R
T2 30 1ed
ko ls AT AN ] -
JERTIE ) S 1735
Loy e ey
Les LA R £
7t I T |2}
rufis g 0227,
e [ o
3R o 2073
P ~ - ~
:l‘ Ty WO 1.".10 ;'13"
e o :
471 0 Tell
e N
x*ﬁ'/ ‘Ol 7.“)' 23)9

7 SRR Y

3UE L0l 85 DRy

4 -
D1 WO 1

ar ) Y -
¥ooul ) “45]
T oy 2
. 32 27712
3% 3 DEne
" 7‘\“) [N alaliy
Sd [y
e
}v.ﬂl 'JA ?)J NR?
1ze mo o 237s
3aninr 18 pung
. ; \ Al e e
Y . A 1
-
o

307 3o 2370
3 LR
i e ety

) 1onC

T s’

e we e

~ o € ..

-~ 1~ 0N -y -

“ A
T
M -0 ETaY
-
y D=
3 : 3 2Le
s}
5
1
- &

57 . 910
L300 gk
. 30 . Q2L
L o SiP1
et W7
L I 4
o8

N 1,132
] 1,138
o3 1.138
< 1. 1%

230 PR I i £
CH0. 1,174
L io1e)
.7 1,191
iate i,171

Datas Source

APoG,
AP, G,

0.0, h70,5/1:389

A.P.G,

0.0, 470,5/14389
Co0. U70,5/14389
0,0. L470.5/14329

AP.G,
AP, G,
AF. G,
AF.G,
AP, G,
AP, G,
AE.G,
A.P.G.
A.P.G,

0,0, 470.5/1%389

AF.G,
A.P,G,
AP, G,

AF. G,

A P,.G.
AR G,
A.P.G,
AP,
A PG,
A.?.5,
Ca0,
CoO,
£,0,
0.0.
C.0,
0.0,
c.n,

0.0,

46553
A6521

ART8

ABY410
ARRL2
ASUS1
Ah239
AE580
ART6T
AfL9¢8
AGT1S
AAL1T76

A4k2:0
A6231
Afi 39
4639
A5959
A5960
A6090
A£139
AB1L0
AFRY2

L70,.5/1413%9
470.5/14339
410,5/1L3e9
470.5/1%3¢29
470,5/14385
470,5/14329
L70.8/1L379
170,5/1k329

“76,5/14389



.30

o 30
« 30
+ 30
+ 30
- 30

n/al
1275
175
1275
1275
1355
1355
1335
1355
1355
1355
1355
1355
1355
1355
1355
135%
1355
1355
13RH
1355
1355
1255
1355
1355
1355
1355
1355
1355
1355
1355
1355
1368
138A
138K

1165

Appendix B, TABLE IX (COXT'D)

SER )
418 30°
401 30°

387/418  30°

388/41s 307

388/%01  30°

188/401 300

bo2/418  30°

338 /ko1 30°

782/h01 )0

123/u01 70
Lol N0
e 30°
ucl 30¢
415 3c°

Lo2/uig 300
un1 20°

Lo1/l1s  29°
Lol 300

z88/U01 0°
L1g 300
308 30°

Lo2 /41 30°
387 3c°
Lce 30°
Loz 30°

388/w01  30°

388/u01  30°
Lol 30°
388/L01  30°
387 30°
Loe 30°
hp2 100

137/818  30°

Lozju3za  2¢?

7/ko2 300

YL
2hh2
2629
2466
2605
2609
2279
2277
2355
2509
253
2397
2l9g
25P2
2607
2545
24K9
2688
2%L5
2682
2111
2512
2550
PLEg
2620
2627
2514
2626
2765
2790
2523
2660
2599
2961
2718

2LC3

&

o e/d Data Source
.506 1,130 0.0, 470.5/uB34
.510 1,190 0,0, 470,5/4634
510  1.190 0,0, 470.5/1L389
.52 1,214  AP.G, ABAL2
. 3Q 1,220 A.P.G, Ab639
« 30 1,220  AP.G, AGTLS
.310 1,260 0.0, 470.5/14389
.31 1.250 A,P,G, ARLTT
» 31 1.260 AP, G, AA 79
2313 1,272  A.P,G, A5957
»31%  1.272 A.P,G. A5982
2314 1,276 0,0, 470,5/14389
2315 1,280 AP.G, AGT22
»317 1,289 0,0, 470.5/143%9
.31 1,293 0.0, 470,5/14389
<318 1,293 0,0, 470.5/14389
318 1,233 0,0, 470.5/14389
o 32 1.301 A P.G, 48178
.320 1,301 0,0, 470.5/14389
»322 1,303 0,0, 470.5/14389
»324 1,317  A,P,G, A6722
.325 1.321 0,0, 470,%5/14389
2 36 1,463  A,P.G. A6H16
.36 1,463  AP,G, AG68T
.36 1,463 A P.G, AGOET
36 1.463  A.P.G, ABL1O
36 1,463  A,P,3, AGOLS
037 1,50k A P.G, A6337
«37 1.504  A.P.G. A6701
237 1.504% A.P,G, AR6LE
.37 1,504  A.P.G, A668T
<37 1,504 A P,G, AEERY
.372 1,512 0.0, 470.5/14329

TTh 1,520 0,0, LJ0.R/143en

T,

e

0.0. 470,5/1k359
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Appendix B, TABLE IX (CONT'D)
Cele n/32 _ B 8. L o _e/d  _ Data Source _
010 1355 :01/415  30° 2761 178 1,537 0.0, 470.5/14389
.30 1325 254 0% 3784 38 1.545 A,P.G, ASON1
. 30 1355  388/Lo1l  39° 2754 38 1,545 AP35, A6227
o 30 1157 38R/M1s 300 2718 .18 1,545 A, P.G, A6512
» 30 1355 Lo2/u1g 0% 2715 L3k 1,561 0,0, 470,5/14389
2300 1388 w8fuls 30° 2800 (384 1,561 0,0, 470,5/14380 _
.30 13mE k15 0° 2343 386 1,569 0,0, L70.5/1k389 g
W30 1355 28T/U1R 309 2999 326 1,569 0,0, 470.5/14389
S0 1395 h02/t18 300 2636 320 1,R77 0,0, 470.5/14399
S 138 288 0% 2835 .39 1,585 A,P.G, A6553
o 20 1355 292/ho1 300 2887 13 1,585 A,P.G, A6K21
o o 1375 3137/402 307 2€x1  ,39 1.5%5  A.P,G, AG6TS
o 3T 1355 3ET/ilg 30° 2681 ,390 1,585 0.0, 470.5/14389
o . 1355 3B/LOl 0% 2509 ,396  1.610 0,0, 470.5/14389
L S0 1358 et 0° 2763 3% 1,610 0,0, 470.5/143€9
’ D 1358 11 30° 2853 396 1,610 0,0, 470,5/1:389
‘ﬂ! . o 30 1385 ey 307 2L88 00 1,626 0,0, ,70.5/14389 ;




Appendix B, TABLE X

Sunmary of Lethel Limits (VL

of Bnlled Homdgeneous Armor

Hardness Grester

Hy  {~-

Q0

Than BHEN 425 Fired at 30° Obligulty

Cal, wm/d3 BEN 0 VL, e efd Data Source
. 50 1275 gk 36° 1862 306 .71 0,0, L70.5/14389
.50 1275 Ly 309 187¢  ,306 714 0,0, L470,5/11389
.50 1275 IS 20°  17% - 308 719 0.0. 470.5/14389
.50 1275 S 30° 1678 312 .728 0.0, 470.5/14389
50 1275 429 30° 1462 3L 733 0,0, L70,5/1L389.
.50 1275 u2g 70° 1799 718 .74 0,0, 470.5/1L4389
50 1275 Lhl 30° 1763 328 .765 0,0, 470.5/1k339
30 1355 WML 30° 1970 .19 772 AJP.G.A653g
50 1275 LLk 30° 1871 L34 .796 0,0, 470.5/14389
3¢ 1355 his/uik 30° 2052 ,20 813 A.P.G, 46097
30 1355 Wis /Lyl 30° 20686 20 813  A,P.G, ABQSGT
30 17255  Lls/ull 2% 1848 20 813 A P.G, ABLNZ
. 3C 1355  Lis/uul 109 1905 .20 813 A P.G, ARMLR
.50 1275 429 30° 2073 .38 887 0.0, 470,5/14389
.50 1275 bl 309 2202 380 .B87 0,0, 470.5/14389.
.50 1275 Lk 30° 203 ,390  .910 0.0, 470,5/1L389
»50 1275  kis/ubs 309 2459 L9k 1,153 0.0, 470.5/1L389
JEG 1275 4529 30° 2320 496 1,158 0,0, 470.5/14389
.50 1275 k29 0% 2839 ,500 1,167 0,0, L470.5/14389
.50 1275 k29 300 2497  ,500 1,167 0,0, 470.5/14389
o R0 275 Lhy 30° 2613  ,51C 1,190 ©.0. 470,5/14389
. 20 1355 Ll 0° 28k 306 1,244 0,0, L70,5/1L389
30 1355 Lyl 30° 2755 306 1,244 0,0, 470,5/1k389
.30 135§ 461 30° 2539 L308 1,252 0.0, 170.5/14389
.30 1355 S| 300 272w ,312  1.262 0,0, L47C.5/1L43E9
230 1355 k29 30° 2629 .21k 1,276 0,0, 470.5/14389
230 1258 k29 30° 2534 ,318 1,293 0,0, 470.5/14389
.20 1355 i 30¢ 2580  ,328 1,333 0,0, 470,5/14389
,30 185 Lk 309 2782 .34l 1,386 0,0, 470.5/14389
» 30 1355 L2¢ 30° 2801 280  1.545 0.0, 470.5/1b389
230 1355 Lk 30¢ 2730 .35 1,545 0,0, 470.5/14389
230 1359 ki 0° 2939 ,390 1,585 0.0. 470.5/14389
® [ ) L 0~ ® ® ® L J ®



